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ABSTRACT 
Three cultivars of wheat (Triticum aestivum L.) viz. Lok-1, HD-
2329 and HD-2009 and same number of cultivars of rice {Oryza sativa L.) 
namely Pant-4, Pant-10 and Pusa Basmati were used as test plants. 
Ahernana triticina Prasada and Prabhu was used as causal organism of 
leaf blight of wheat while Helminthosporium oryzae Breda de Haan as an 
organism of brown spot of rice. Physico-chemical analyses of soil and fly 
ash were carried out before the experiments , later four greenhouse 
experiments were conducted. 
Fly ash used in the experiments was collected from the thermal 
power plant (530 MW capacity) located at Kasimpur, Aligarh, India. This 
power plant consumes 3192 tonnes of bituminous coal day ' and produces 
650 tonnes day ' of fly ash. Analyses of Aligarh soil showed pH 6.6, 
porosity 43.4%, water holding capacity 39.2%, bicarbonate 0.443%, 
carbonate 0.204%, chloride 0.267%, sulphate 3.20%, nitrogen 0.15%), 
phosphorus 0.021%, potassium 0.19%, calcium 0.16%, conductivity 3.3 
mmhos cm ' and cation exchange capacity 4.2 mEq (lOOg) '. Addition of 
20 to 100% fly ash caused gradual increase in pH, porosity, water holding 
capacity, bicarbonate, carbonate, chloride, sulphate, phosphorus, 
potassium, calcium, conductivity and cation exchange capacity while 
nitrogen contents were found to be decreased with the addition of fly ash. 
First greenhouse experiment was conducted to study the effects 
of various fly ash concentrations (0, 20, 40, 60, 80 and 100% v/v) with 
nonnal field soil and A. triticina on the plant growth, yield, photosynthetic 
pigments (chlorophyll a, b, total chlorophyll and carotenoids), protein and 
lysine contents of three cultivars (Lok-1, HD-2329 and HD-2009) of 
Triticum aestivum. Applications of 20 and 40% fly ash with soil caused 
significant increases in plant growth, yield, photosynthetic pigments, 
protein and lysine contents of all the three cultivars. Forty per cent fly ash 
caused higher increase in growth, yield, photosynthetic pigments, protein 
and lysine contents than did 20%. Sixty, 80 and 100% fly ash had an 
adverse effect on growth, yield, photosynthetic pigments, protein and 
lysine contents of all the three cultivars, the maximum being with 100% 
lly ash. Inoculation of A iriiicina had an adverse effect on growth, yield, 
photosynthetic pigments, protein and lysine contents of all the three 
cultivars. HD-2009 exhibited higher infected leaf area and greater disease 
symptoms of A. triUana followed by HD-2329 and Lok-1. Plants grown 
with 100% fly ash suffered higher reductions in growth, yield, 
photosynthetic pigments, protein and lysine contents by A. tnticma than 
plants grown in pure soil or with 20 or 40% fly ash. Cultivar Lok-1 
showed higher growth, yield, photosynthetic pigments, protein and lysine 
contents followed by HD-2329 and HD-2009. 
Second greenhouse experiment was conducted to study the 
effects of A. iriiicina with and without foliar dusting of fly ash (0.0, 2.5, 
5.0 and 7 5 g plant"' day ') on the plant growth, yield, photosynthetic 
pigments, protein and lysine contents of three cultivars of wheat. Dusting 
of 2.5 and 5.0 g fly ash caused significant increases in growth, yield, 
photosynthetic pigments, protein and lysine contents of all the three 
cultivars over undusted plants. Dusting of 5.0g fly ash caused a higher 
increase in the above parameters than with 2.5 g dusting. However, dusting 
of 7.5 g fly ash had an adverse effect on growth, yield, photosynthetic 
pigments, protein and lysine contents than plants without dusting. 
Inoculation of A. trilicina to plants dusted with 2.5/5.0 g fly ash suffered 
higher reductions in growth, yield, photosynthetic pigments, protein and 
lysine contents than did plants inoculated with A. IrHicina without fly ash 
but reductions caused by A. Iriticina were reduced in plants dusted with 7.5 
g fly ash. Cultivar HD-2009 showed greater symptoms of A. triticina while 
Lok-1 showed higher growth, yield, photosynthetic pigments, protein and 
lysine contents similar to that observed in the first experiment. 
Third greenhouse experiement was conducted to study the effects of 
various fly ash concentrations (0, 20, 40, 60, 80, and 100% v/v) with noimal 
field soil and Helminthosporiiini oryzae on the growth, yield, photosynthetic 
pigments, protein and lysine contents of three cultivars (Pant-4, Pant-10 and 
Pusa Basmati) of Oryza saliva. Application of 20 and 40% fly ash with soil 
caused significant increases in growth and other mentioned parameters, 40% 
fly ash caused greater increase than did 20%, similar to that observed on 
wheat. Addition of 60, 80 and 100% fly ash had an adverse effect on growth, 
yield, photosynthetic pigments, protein and lysine contents on the cultivars of 
rice similar to that observed on wheat, the maximum being with 100% fly ash. 
Inoculation of H. oryzae had an adverse effect on growth, yield, 
photosynthetic pigments, protein and lysine contents, Pmt-10 suffered higher 
damage, showed higher infected leaf area and greater disease symptoms of 
H. oryzae than did Pusa Basmati and Pant-4. Plants grown in 100% fly ash 
suffered higher reductions in growth, yield, photo synthetic pigments, protein 
and lysine contents with H. oryzae than plants grown in pure soil or 20/40% 
fly ash. In general, plant growth was best in Pusa Basmati followed by Pant-4 
and Pant-10 but yield, photosynthetic pigments, protein and lysine contents 
were higher in Pant-4 followed by Pant-10 and Pusa Basmati. 
Fourth greenhouse experiment was conducted to study the effects of 
foliar dusting of fly ash (0.0, 2.5, 5.0 and 7.5 g plant' day') and H. oryzae on 
the growth, yield, photosynthetic pigments, protein and lysine contents of 
three cultivars of rice. Dusting of 2.5 and5.0 g fly ash caused significant 
increases in growth, yield, photosynthetic pigments, protein and lysine 
contents on the cultivars of rice similar to the results observed with wheat. 
Dusting of 5.0 g fly ash caused a higher increase in the above parameters than 
dusting with 2.5 g fly ash. Dusting of 7.5 g fly ash had an adverse effect on 
above mentioned parameters on all the three cultivars of rice. Inoculation of 
H. oryzae had an adverse effect on growth, yield, photosynthetic pigments, 
protein and lysine contents than uninoculated plants. Cultivar Pant-10 
exihibited greater symptoms of H. oryzae followed by Pusa Basmati and Pant-
4 similar to that obseiTed in the third experiment. Plants dusted with 2.5 and 
5.0 g fly ash suffered higher reductions in growth, yield, photosynthetic 
pigments, protein and lysine contents by H. oryzae but reductions- caused by 
H. oryzae in these parameters were reduced in plants dusted with 7.5 g fly 
ash. Pusa Basmati showed best growth while yield, photosynthetic pigments, 
protein and lysine contents were greater in Pant-4 similar to third experiment. 
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Introduction 
INTRODUCTION 
The atmosphere, is a dynamic system that continuously absorbs a 
wide range of solids, liquids and gases from both natural and man-made 
sources. These substances travel through air, disperse and reacts both 
physically and chemically with one another and also with other 
substances. Most of these constituents, eventually finds their way into a 
depository such as the land and ocean, or to a receptor such as man and 
plant. These substances which interact with the environment, cause 
toxicity, disease, aesthetic distress, physiological effects or environmental 
decay, has been labelled by man as 'pollutant' and the phenomenon as 
'pollution' (Rao and Rao, 1995). 
Air pollution is basically the presence of foreign substances in 
air and mainly caused by rapid industrialisation. Some critics comment on 
air pollutant as the 'price of industrialisation'. Air pollution caused by 
automobiles has been described as the 'disease of wealth' (Rao and Rao, 
1995). The combustion of fossil fuels like coal, oil, gas etc. for utilising 
their stored energy is the foremost challenging air pollution problem. 
Generally air pollutants are placed into two categories - gaseous and 
particulates. The major gaseous air pollutants are sulphur dioxide (SO^), 
nitrogen oxides (NOJ, carbon monoxide (CO), ammonia (NH3), chlorine 
(CI,), ethylene (C^H^), hydrogen fluoride (HF), ozone (0,), peroxyacetyl 
nitrate (PAN) etc. The particulate pollutants are fly ash, coal dust, cement 
dust, soil dust particles. 
Thermal power plants utilize coal to produce steam for power 
generation, produces significant amounts of air pollutants. The three major 
air pollutants from power stations are particulate matter (fly ash and soot), 
sulphur oxides (SO^ and SO3) and oxides of nitrogen (NO and NO^). 
Combustion of coal is an important source of pollution and amount of fly 
ash and SO, released depend on sulphur and ash content of the fuel used. 
The particles going into the atmosphere, depending on their size and 
weight, may remain in air for varying length of time. Those larger than 10 
|Lim in size, settle under force of gravity on surfaces of vegetation and soil 
but the smaller ones remain suspended in the air for longer periods of 
time. 
Fly ash, the waste product of thermal power plants, formed 
during combustion of pulverized bituminous coal or sub-bituminous coal 
(lignite), is generally blackish grey in colour. Indian coal contains 
relatively higher proportion of ash that leads to 10-30% fly ash formation. 
The amount of fly ash produced annually in India was around 90 million 
tonnes during 1995 and is likely to exceed 140 million tonnes during 2020 
(Kalra et. al., 1998). Eco-friendly utilization and disposal of fly ash is one 
of the most serious issue and potential of agronomic use of fly ash is being 
explored because fly ash contains numerous vital plant nutrients (Singh 
and Yunus, 2000). Application of fly ash is known to increase growth and 
yield of several crop plants to an appreciable extent (Mishra and Shukla, 
1986b; Khan, 1989; Pasha et al, 1990; Singh, 1993; Kuchanwar and 
Matte, 1997; Karla et al., 1998 and Sarangi and Mishra, 1998). Although 
some toxic heavy metal elements and other compounds are also present in 
fly ash which may influence microbial activity of soil or may be toxic to 
plants and soil microbes (Helder et a]., 1982 and Aitken and Bell, 1985). 
Cereals are the main components of human diets and are crucial 
to human survival. Wheat and rice, account for the bulk of human food 
and their uses range from human food and beverages to animal feeds and 
industrial products. Wheat {Triticvm spp.) is one of the most important 
staple food of mankind. About 37% of the world's population rely on it as 
their main cereal, it accounts for some 20% of the total foood calories 
consumed by man. World wheat production stands at about 550 million 
metric tonnes (Morris and Rose, 1994), more than a third of total cereal 
output. In India, it is the second important food crop being next to rice 
and during 1997-98 wheat harvest was 66.0 million tonnes (Siddiq, 1999). 
Triticum aestivum L., the common bread wheat accounts for 80% of the 
wheat consumption and is by far the most important species, occupying 
about 85% of the total area under wheat cultivation. However, it is 
attacked by a large number of pests and pathogens causing enormous 
damage to the crop and reduce the yield drastically (Rangaswami, 1988). 
Leaf blight caused by Alternaria triticina Prasada and Prabhu is 
an important disease of wheat in India and is responsible for considerable 
loss in yields (Prabhu and Singh, 1974). The infected plant shows brown 
oval spots, on leaves which become irregular as they enlarge, sometimes 
accompanied by a bright yellow marginal zone around the spot, several 
lesion or spots coalesce covering the leaf partially or completely giving it 
a blighted appearance. In some cases the leaf starts drying from the tip. 
Black powdeiy conidia of the fungus cover the lesions under moist 
conditions. Similar symptoms appear on leaf sheaths, ear, awns and glumes 
(Prasada and Prabhu, 1962). 
Rice (Oryza sativa L.) is the most important cereal crop of 
outstanding economic importance which feeds more than half of the world 
population. It is grown worldwide in more than 144.641 million hectares 
and more than 10% of total arable land with a production of over 468.275 
million tones (Bajaj, 1991). In Indiajice contributing around 45 per cent 
of the India's cereal production and during 1997-98 rice production was 
82.1 million tonnes (Siddiq, 1999). Rice is attacked by a large number of 
diseases which causes enormous losses in its yield (Rangaswami, 1988). 
Brown leaf spot caused by Hehninthosporium oryzae Breda de 
Haan is a major disease occurring almost in all the rice growing areas of 
India and is responsible for the drastic yield losses upto 90 per cent 
(Padmanabhan et. aJ., 1948; Padmanabhan, 1977). The infected plants 
show small brown dots to circular, eye-shaped or oval spots fairly 
scattered over the leaf surface, heads fail to emerge from the sheath, when 
emerge they are distorted, lesions on heads, black spots on the glumes and 
spread over the entire surface as dark brown or olivaceous sporophores of 
the fungus form on the lesioned area, the affected grains get shrivelled and 
discoloured, the plants are stunted and sometimes all the leaves wither and 
the whole field presents a highly characteristic burnt or scorched 
appearance. The perfect stage of this fungus is CochlioboJus miyabeanus 
(Ito and Kuribayashi) Dreschler ex Dastur. 
Interaction of particulate pollutants with plant pathogens has 
received little attention (Khan, 1989; Pasha, 1990; Siddiqui, 2001). Fly 
ash depositon in soil as well as on the aerial parts of the plants may be 
beneficial as it contains various micro and macro-nutrients (Plank el al, 
1975; Khan and Khan, 1996). It may also be harmful for the plant growth 
and productivity as it contains some toxic heavy metals and some other 
complex compounds (Helder et al., 1982; Sawyer et al., 1983; Wadge and 
Hutton, 1987; Onliveros et al., 1990). 
During the course of survey of the cereal crops around the 
Kasimpur thermal power plant, I observed cultivation of wheat and rice in 
more than 60% fields. Examination of these plants revealeded the presence 
of foliar pathogens Alternaria triliana Prasada and Prabhu on wheat and 
Helminlhosporium oryzae Breda de Haan on rice. Plants of both the crops 
showed the deposition of fly ash on their foliar parts and as well as on 
soil. Some plants with foliar deposition exhibited vigorous growth while 
others were stunted with disease symptoms. There may be a possibility 
that these aerial pathogens may interact directly with fly ash deposited 
plants or may interact indirectly with fly ash amended soil through host. 
The effects of these interactions may be variable than the individual 
effects of foliar pathogen and fly ash on the growth and productivity. 
Keeping these points in mind following studies were undertaken to explore 
the role of fly ash in the production and protection of these two crops. 
Following studies were carried out : 
1. Physico-chemical analyses of fly ash and fly ash amended soils 
were carried out to ascertain nutritional status of fly ash and soil. 
2. Effects of fly ash-soil amendments were observed on the growth, 
productivity, photosynthetic pigments, protein and lysine contents 
on the cultivars of wheat and rice. 
3. Effects of A. Irilicina and H. oryzae were observed on the growth, 
productivity, photosynthetic pigments, protein and lysine contents 
on the cultivars of wheat and rice respectively. 
4. Effects of interactions of fly ash-soil amendments and A. Irilicina / 
H. oryzae were studied on the growth, productivity, photosynthetic 
pigments, protein and lysine contents on the cultivars of wheat/rice. 
5. Effects of foliar deposition of fly ash were observed on the growth, 
productivity, photosynthetic pigments, protein and lysine contents 
on the cultivars of both the crops. 
6. Effects of interactions of foliar fly ash deposition and A. Iriticina/ 
H. oryzae were investigated on the growth, productivity, photosynthetic 
pigments, protein and lysine contents on the cultivars of wheat/rice. 
Literature Review 
LITERATURE REVIEW 
Air is an important natural resource vital to living organisms. The 
quality or composition of its minor constituents often varies as a result of 
the emission of contaminants from various man's activities. A huge amount 
of toxic materials originating from different kinds of industries and other 
human activities are released into air, which ultimately impure our 
atmosphere. Thermal power plants produce energy by burning coal, supply 
bulk of power generated in the countiy. Consequently, thermal power 
plants spread all over the country are major sources to atmospheric 
pollution. The product of complete combustion of fuel in thermal power 
plant mainly consists of carbon dioxide, water molecules, oxide of 
nitrogen, sulphur dioxide, sulphur trioxide and ashes. 
The maximum permissible concentration (M.P.C) mg/m-^  of some 
typical pollutants present in effluent of thermal power plants on the basis 
of an average daily concentrations (Rizvi, 1994) is given below : 
Pollutants M.P.C(mg/m') 
Non toxic dust 0.15 
Carbon monoxide 1.00 
Fly ash 0.05 
Benzopyrene 0.10 
Sulphur anhydride 0.05 
Nitrogen dioxide 0.085 
Hydrogen sulphide 0.008 
Effects of fly ash and Alternaria triticina Helminthosponiim oryzae were 
studied in the present investigations on wheat/rice. Therefore, I have 
decided to review of literature related to the followings. 
I) Constituents and nutritional status of fly ash. 
II) Effects of fly ash-soil amendments on growth and yield. 
III) Effects of foliar fly ash deposition on the growth and yield. 
IV) Leaf blight of wheat caused by A. iriticina 
V) Brown spot of rice caused by H. oryzae. 
I - Constituents and nutritional status of fly ash 
Fly ash is one of the major particulate air pollutants produced by 
thermal power plants. Its presence in the air as suspended particulate 
matter (SPM) and deposition on plant surfaces and soil have become 
matter of serious concern. Due to the high concentration of many elements 
in fly ash, numerous studies have evaluated the usefulness of fly ash in 
nutrient deficient soil. It can be used as a source of K (Martens et al., 
1970), Mo (Martens et al, 1970; Cary ef al., 1983; Elseewi and Page, 
1984), B (Plank and Martens, 1974; Wallace and Wallace, 1986), Zn 
(Schnappinger el al., 1975; Wallace el al., 1980), Ca (Martens and Beahm, 
1976; Wallace et al., 1980), S (Elseewi et al., 1978; Hill and Lamp, 1980), 
Cu (Wallace et al., 1980) and Mg (Hill and Lamp, 1980). 
Addition of alkaline ash can increase the pH of acid soils (Plank 
et al., 1975; Elseewi et al., 1980; Moliner and Street, 1982; Elseewi and 
Page, 1984; Petruzzelli et al, 1987; Khan et al., 1996). The rise in soil 
pH depends primarily on soil buffering capacity; soils that are poorly 
buffered, are expected to show the greatest increase in soil alkalinity after 
ash treatment. Over application of fly ash caused phytotoxicity, B being 
the most problematic (Adriano et al., 1978; Elseewi et al, 1981; Zwick et 
aJ., 1984; Aitken and Bell, 1985). Host and Pfenninger (1978) analysed 
fly ash from bark fired boiler plants and found it to be a low grade 
fertilizer, with low concentrations of most elements, although potassium 
concentrations were relatively high. Adriano et al. (1980) suggested that 
fly ash could also be an effective amendment in neutralising soil activity. 
Many of the observed chemical and biological effects of fly ash 
applications to soils resulted from the increased activities of Ca"^ and 
hydroxide ions. The accumulation of B, Mo, Se and soluble salts in fly 
ash amended soils is apparently the most serious constraints associated 
with land application of fly ash to soil. 
Filby and Khalil (1980) observed daily and annual production 
rates of some toxic elements (As, Se, Sb, Hg, Co, Ni, Cr) and most 
abundant metal normally found in coal (Fe) have been calculated for a 
6,000 tonnes per day coal liquefaction plant using bituminous coal. 
Hansen and Fisher (1981) studied the elemental distribution in coal fly 
ash particles and found that more than 70% of the Ti, Na, K, Mg, Hf, Th 
and Fe were associated with the aluminosilicate matrix and more than 70% 
of the Ca, Sc, Sr, La, the rare earth elements and probably Ni is apparently 
associated with an acid-soluble phase, which has the same particle size 
distribution as the aluminosilicate phases. More than 70% of the As, Se, 
Mo, Zn, Cd, W, V, U and Sb were associated with surface material on the 
ash particles. The elements Mn, Be, Cr, Cu, Co, Ga, Ba and Pb are 
intermediate in behaviour i.e. distributed about equally between matrix and 
non-matrix material. 
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Moliner and Street (1982) observed that fly ash addition can 
improve nutrient status of soil and neutralise soil acidity to a level safer 
for agriculture, depending upon the initial pH of the soil. Wu et aL (1982) 
reported that incomplete combustion of coal may result in higher leachable 
trace metals from ash. Fulekar et al. (1983) showed that the fly ash 
contained higher concentration of heavy metals with respect to their coal. 
Except in the case Pb, Cd and Co, the heavy metals were more 
concentrated in the <53 ),im than in the >150 )j.m fraction, suggesting that 
the probable contribution of these metals to atmospheric emission and 
waste ash, it is necessaiy to estimate the enrichment factors from coal to 
fly ash. Srivastava et al. (1986) had studied seasonal variations of metals 
in coal fly ash collected from electrostatic precipitator of a thermal power 
plant and found monthly variations in particle size, per cent silicate, 
haemolysis and contents of Ni, Pb, iMn, Zn, Hg, Cd, Mg, Na, Fe, Ca, K, 
Cu, Sr, As, Se, Co and Cr. 
According to Tolle et al. (1983) high concentration of elements 
in plants on fly ash amended soil may cause toxicity in animals grazing on 
them. Petruzzelli et al. (1987) reported that Zn, Cr and Ni were of low 
mobility in the plants, as was evident by the great differences in the values 
of heavy metal concentration in the aerial part of the wheat seedlings, 
compared to the roots where it was more. 
Fly ash contains certain heavy metals and some other 
compounds, which may prove toxic to plants and soil microbes. Heavy 
metals such as nickel, arsenic, cadmium, chromium, lead, selenium, zinc, 
copper etc. (Wadge and Hutton, 1987; Onliveros et al., 1990) and complex 
1 1 
compounds viz., dibenzofurans and dibenzo-p-dioxins mixtures (Helder et 
at., 1982; Sawyer el ai, 1983) are of particular concern with regard to 
toxicity to plant and soil. Shane et al. (1988) reported that fly ash 
application in soil increases pH, electrical conductivity and cation 
exchange capacity and concentration of boron, selenium, sodium and 
sulphate. Fly ash contains relatively moderate concentrations of cadmium 
and copper and much higher concentration of aluminium, lead and zinc 
which were readily available for leaching under normal landfill conditions 
(Hermann and Wisniewski, 1988; Sawell et al., 1989). Fly ash samples 
were found to contain polychlorinated dioxins and dibenzofurans was 
analyzed for brominated analytes and showed that bromochloro-
polynuclear aromatic hydrocarbons (PAH), dioxins and dibenzofurans as 
well as bromo PAH were found in ppt. to ppb. concentrations (Sovocool et 
al, 1988). Wong and Wong (1989) noticed that fly ash samples contained 
greater amount of various trace elements including Cd and Pb and other 
metals such as Co, Ca, Fe, Mn, Mo, Ni and Zn. Menon et al. (1990) 
studied the differences in the physico-chemical properties of Savanna river 
samples to make relative composts for agricultural uses. The fly ash 
sample differed considerably in pH, conductivity and elemental 
composition and transition metal appeared to bound more tightly on 
smaller particles than on larger ones. Hudson and Headley (1990) reported 
that compost mixture sold as 'Black Gold' (a combination of 'BSIL' 
compost plus fly ash) is not only a good growing medium, but also a better 
soil ameliorant than BSIL compost by itself. 
Garau et al. (1991) observed that net nitrogen mineralization 
decreased as the rate of fly ash application increased. However, the effect 
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of fly ash on nitrogen mineralization was also dependent on its 
composition. The application of 50 t/ha fly ash did not significantly affect 
the nitrogen mineralization. This amount of fly ash may be applicable to 
soil as an alternative for fly ash disposal. Gupta (1993) found coal fly ash 
as an additional source of boron. Sikka el al. (1994) collected ash samples 
from a thermal power plant and found that the major matrix elements in 
fly ash were Si, Al, K, Fe and Hg. Some of the biologically toxic elements 
Ni, Cu, Pb, B and Mo were also present in substantial amounts. Ash from 
Electrostatic precipitator (ESP) was finer in texture, lower in pH, richer in 
nutrient than ash collected from dumping site. Bodog et al. (1995) took 
samples from three technological points for speciation of Cd, Cr, Mn, Ni 
and Pb in fly ashes derived from iron smelter works and subjected to 
different treatments by acids in open vessels and pressurized teflon bomb. 
It was found that heavy metals were generally bombed to silicates in 
different samples. Ghodrati el al. (1995) conducted a series of soil column 
studies to evaluate the effect of rates (0, 5, 10, 20, 30 and 40 w/w) of fly 
ash on soil. Leachates from column amended with 30% fly ash were 
analysed for B, Cd, Ni, Pb, Cu and Zn. Soil moisture and water holding 
capacity increased from 12% in the soil alone to 25% in the soil amended 
with 30% fly ash. Boron and soluble salts leached rapidly from ash 
amended soil while trace quantities of Cd, Ni, Pb and Zn were detected in 
column leachates. Schramm et al. (1995) found that the leaching of 
polychlorinated dibenzo-p-dioxins and dibenzo furans (PCDD/Fs) from fly 
ash column were eluted with pure water or an aqueous solution of linear 
alkyl benzene sulphonate (LAS (aq)) concentration of PCDD/Fs in the 
leachates as well as the relative leaching increased with increasing degree 
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of chlorination (decreasing water solubility). Concentration of LAS were 
considered to enhance PCDD/Fs solubility. 
Sims el al. (1995) studied adsorption and disadsorption of 
phosphorus in soil amended with different rates (0-30%) of fly ash which 
had the potential to improve plant by enhancing soil moisture relations. 
Singer and Berkgant (1995) worked on cation exchange properties of 
hydrothermally treated coal fly ash. Approximately 50% fly ash could be 
converted to zeolites. The CEC reached at 2.5-3.0 m equiv/g concentration 
of extractable B, Mo and Se in fly ash considerably decreased. Fleming et 
al. (1996) investigated that the leachability of metals from fly ash 
produced by a coal-fired electric plant and municipal waste incinerators 
under acidic conditions. Significant increase in extraction of Cd, Cr, Zn, 
Pb, Hg and Ag ions from the ash was attributed to the instability of the 
mineral phases that contain these metals under acidic conditions. Khan et 
ai (1996) studied the effect of fly ash on physico-chemical properties and 
nutrient status of soil. The results showed increase in electrical 
conductivity with increasing doses of fly ash. Wu and Shao (1996) 
investigated that lime and coal fly ash application could mitigate pollution 
from acid deposition and improve the buffering ability of two acid soils. 
Kuchanwar et al. (1997) reported that fly ash application decreased 
maximum water holding capacity and increased availability of N, P, K and 
exchangeable Ca^ ,^ and trace elements such as Zn^ "^ , Cu' ' , Fe-^ and 
Mn^'. Application of 10 t fly ash /ha was the best rate for improving soil 
properties. Hajarnavis and Bhide (1999) reported that alkaline fly ash from 
the Koradi thermal power plant had a low cation exchange capaicity. Total 
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Cd and Pb concentrations were high and Cu concentration was low as 
compared to that in soil. Availability of Zn, and Fe was found to be higher 
than other metals. Exchangeable Cd and Pb were present in significant 
amounts and due to high solubility, may pose a potential danger to the 
environment. 
II - Effects of fly ash-soil amendments on plant growth and yield 
Fly ash is enriched in macro and micro nutrients, which enhance 
plant growth in nutrient deficient soils (Planks and Martens, 1974; 
Martens and Beahm, 1978). The main constraint in the use of fly ash is 
the high alkalinity and salt contents, which may depress plant growth and 
cause deterioration of soil (Hodgson and Holliday, 1966). Despite this, 
variety of vegetables, millets, cereals and trees have been found to grow 
better in soils amended with fly ash (Lisk et al., 1979; Singh and Singh 
1986; Sikka and Kansal, 1995.; Kumar et al, 1996; Khan and Khan 1996). 
The review dealing with the effects of fly ash has been categorised into 
cereals and other crops. 
a - Cereals 
Elseewi et al. (1980) reported that yield of barley was improved 
significantly upon addition of fly ash to soil. Singh and Singh (1986) 
studied the responses of rice cv. Madhuri to different levels of fly ash 
application in saline soil. Twenty per cent fly ash level significantly 
increased the number of productive tillers per hill, length of panicle, 
number of grains/panicle and test weight and reduced the unfilled grains. 
The cumulative effects of all these characters ultimately led to higher grain 
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and straw yields with 20% fly ash applicaton. Taylor and Schuman (1988) 
reported that when the soil was amended with either fly ash or lime, rc ot 
growth of barley was considerably increased. Fly ash and lime did not 
cause elemental toxicities to the plants. Ghuman et al. (1994) studied the 
feasibility of the application of fly ash compost mixture to soils for the 
availability and uptake of various elements by corn (Zea mays L.). The 
crop was grown in soil alone, soil amended with 15% compost, and S3il 
amended with 2, 5, 10, 15, 20 and 25% of fly ash amended compost. It 
was observed that 20-25% fly ash and compost soil ratio treatments 
generally increased plant growth and the yield. The plant uptake of K, Mn 
and Cu increased with increasing percentages (2-25%) of fly ash compost: 
soil ratios. The total content of K in plants was positively correlated to Ihe 
dry matter yield of corn. This indicates that application of the fly £sh 
blended with compost to the soil is beneficial to corn production without 
causing any deleterious effects on plant growth and composition. Fly ? sh 
having podzolanic properties can limit water infiltration and root 
penetration when used as a soil amendment. 
Matte and Kene (1995) observed that application of 10 tonnes Ely 
ash/hectare was found more effective in influencing yield performance of 
wheat. This dose increased wheat yield by 20.1%. Sikka and Kansal 
(1995) reported that moderate rates of fly ash application (2-4% w/w) in 
soil had a beneficial effect on the dry-matter yield of paddy, but a higlier 
level (8% w/w) had a significant depressing effect. Addition of fly ash 
resulted in a significant increase in the contents of N, S, Ca, Na and Fe 
and a significant decrease in P and Zn contents of rice. The residual effect 
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of fly ash on dry-matter yield and nutrient composition of a subsequent 
wheat crop was non-significant, except for the Fe content of the wheat 
plants which increased significantly from 138 ppm in the control to 131 
ppm at 8% level of fly ash. Gupta et al. (1996) conducted a greenhouse 
pot experiment on wheat cv. WH 291 which were given 0, 22.5, 45, 90, or 
180 mg P/Kg soil and fly ash at 0, 2.5, 5, 10 or 20% on a dry weight 
basis. Grain yield increased up to 90 mg P/kg soil and it increased slighily 
with 2.5% fly ash but decreased at higher rates. Phosphorus uptake was 
increased with the rate of P application and decreased with increasing rate 
of fly ash application. Soil organic C was unaffected by P application atid 
it increased with the rate of fly ash. Post harvest soil extractable P 
increased with the rate of P and fly ash application. Khandkar et al. (19S6) 
evaluated the effect of coal fly ash application on the elemental 
composition and yield of rice cv. Jaya, soyabean cv. PK 327 and black 
gram cv. Pant U30 and on the properties of a calcareous soil. The seeds 
and straw of the crops grown with fly ash also showed increased contents 
of Mg, Ca, S, Fe, Mn, Zn, B and Na except for N and P. Crop yields were 
increased by fly ash application > 6% except for soyabean at 20% fly f sh 
when yields were lower than with 8% fly ash due to the toxic effect of ?Ja. 
Straw yields of soyabean and rice were increased by 4% fly ash and striw 
yield of black gram by 6% ash. 
Kumar et al. (1996) studied the effect of fly ash incorporation in 
soil on yield and quality of soyabean and wheat crops. Fly ash 
incorporation in soil increased the grain yield of both soyabean and wheat. 
The percentage increase in grain yield with graded levels of fly ash (4 to 
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16%) ranged from 55 to 90 in soyabean and from 60 to 84 in whect. 
Application of graded levels of fertilizers (50 and 100% NPK) showed 
similar results especially at higher levels of fly ash incorporation. A 
considerable residual effect of fly ash was apparent on yield of wheat, but 
levels of fly ash incorporation did not vary significantly in this regard. 
Higher uptake of Pb, Ni and Co by wheat grown in fly ash incorporated 
soil can cause plant and animal health hazards. Karpate and Choudhary 
(1997) studied the effect of fly ash and fly ash water on Triticum aestiviim 
var. Kalyan sona. At lower concentrations, the fly ash water (25%) and fly 
ash (50%) had stimulatory effect on the crop. However, at higher 
concentrations the treatment showed deleterious effect. Tripathy and Sahu 
(1997) studied the effect of fly ash on growth and yield of wheat. Addition 
of 50% fly ash to soil increased seedling height, plant height, girth, leaf 
number, leaf area, spike length, dry weight etc. The values of the effect of 
soil + fly ash on growth and yield were comparable with those of soil + 
10% compost and soil + 0.6% NPK treatments. Kalra et al. (1998) 
observed that the yield of wheat increased upto an addition of fly ash 20 t/ 
ha, and declined thereafter, but was still higher than the yield when no fly 
ash was added. Paddy yield when 10 t/ha of ash was added was similar to 
that with no fly ash, whereas mustard showed improvements in seed yield 
with fly ash addition at 10 t/ha level. Fly ash treated plots had a marginally 
higher uptake of Zn, Cu, Fe, Mn and Cd, 
Kumar et al. (1998) reported that fly ash, fertilizer and farm yard 
manure application in soil significantly increased the yield of rice over the 
control but fertilizer alongwith fly ash proved to be superior to that of fly 
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ash and manure. Results suggested that 4% fly ash addition resulted in 
higher grain yields of rice without any possible trace metal contamination 
of soil and plant. Brahmachari et al. (1999) conducted a field trial on rice 
cv. IR-36 were given no fertilizer, fly ash, N, NP, NPK or NPKS. Grain 
yields were in the order : NPKS > NPK > NP > N = fly ash > control. 
Studies with different fly ash concentrations showed that soil pH and 
water holding capacity increased with increase in concentration of fly ash. 
Gregorczyk (1999) reported that fly ash amendment reduced relative 
growth rate (RGR) and delayed wheat development. Change in RGR was 
mainly resulted from the variability of leaf area ratio, which was 
determined by leaf weight ratio. Male war et al. (1999) studied the impact 
of different levels of fly ash on growth attributes and dry matter yield of 
wheat, sorghum and sunflower which were grown in soil or 3:1, 1:1 or 1:3 
fly ash: soil mixtures and recommended NPK fertilizers were applied. 
Plant diy weight of wheat and sunflower was highest in 1:3 fly ash: soil 
mixtures, while in sorghum the 3:1 fly ash : soil, plants gave the greatest 
weight! Stosio and Tomaszewicz (1999) investigated the impact of 4 ash 
doses (0, 50, 100, 150 t/ha) on soil chemical properties and yields of 4 
winter crop varieties (rye, wheat, triticale, barley). The maximum ash dose 
(150 t/ha) resulted in increases of magnesium and phosphorus content, not 
increasing the lead content soluble in IN HCl. Other macro and micro 
elements tested did not show significant changes in their content. Crop 
varieties reacted differently to soil properties, changing as the result of 
ash doses. For rye and wheat yield was similar irrespective of the ash 
dose. For triticale distinct yield changes were also not found. Higher 
yields of 10% were obtained after using a dose of 100 t/ha compared with 
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150 t/ha. Only barley showed steady increase in the yield with an increase 
of ash dose from 0 to 150 t/ha. 
b - Other crops 
Fail (1987) reported that the biomass production of two grasses 
{Agriosiis tenins and Festuca anindinacea) and a legume (Lespedeza 
cuneata) was 5-30 times higher in fly ash treated plot. According to Wong 
and Wong (1987) addition of poultry manure to fly ash amended sandy 
soil improved the physical and chemical properties and resulted higher 
yield of the vegetable crops. Pasha (1990) observed that soil amendment 
with fly ash (10% and 20%) improved plant growth, yield and chlorophyll 
contents of leaves of cucumber plants. Higher levels of fly ash (50-100%) 
became toxic and suppressed all the considered parameters. Soyabean 
grew in 25 and 50% fly ash showed significant improvement in plant 
growth, yield, leaf pigment, protein and oil content of seeds (Singh, 1993; 
Singh el al., 1994). Sunflower {Helianthus annus L.) plants treated with 
1, 1.5 and 2 kg fly ash m"' exhibited improved growth (Pandey et al., 
1994). Relative Growth Rate (RGR) and Net Assimilation Rate (NAR) 
increased by over 20% at low fly ash application rate. Leaf area of the 
treated plants also increased. Similarly, Beta vulgaris grown in fly ash 
amended soil revealed that application of low amounts (2%) of fly ash 
favoured plant growth and improved yields (Singh et al., 1994). Khan and 
Khan (1996) observed that tomato plants grown in the ash-soil mixture 
showed luxuriant growth with bigger and greener leaves. Plant growth, 
yield, carotenoids and chlorophylls were enhanced in 40-80% fly ash 
amended soil. At 100% fly ash, yield was considerably reduced. The most 
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economic level of fly ash incorporation was 40%, which improved the 
yield and market value (mean weight) of tomato fruits by 81 and 30% 
respectively. According to Kuchanwar and Matte (1997) fly ash 
application at 10 t/ha showed better growth and yield of groundnut 
attributes resulting in highest pod yield of 3.717 and 4.002 t/ha as stiaw. 
Similarly, Sugawe et al. (1997) found that application of fly ash @ 10 t/ha 
gave maximum seed yield (10.49q/ha) of sunflower. Sarangi and Mishra 
(1998) studied the effect of soil amended with 15% (v/v) coal-fired fly ash 
as nutrient supplement on groundnut, ladies finger and radish. The fly ash 
amended soil showed increase in pH, soil conductivity, available 
phosphorus, organic carbon, organic matter and C/N ratio. There were 
differential activities of soil enzymes under different plants with increase 
protease activity under groundnut, increased amylase activity under ladies 
finger and a significant increase in rate of CO^ evolution in soil was found 
in amended soil under ladies finger and radish cultivation. All the three 
crop plants responded positively to fly ash amended soil. The yield/plant 
increased by 4%, 57% and 77% for groundnut, ladies finger and radish 
respectively in fly ash amended soil. 
Bhaisare e/ al. (2000) studied the effect of fly ash on yield, 
uptake of nutrients and quality of green gram (K-851) with three levels of 
N (0, 18.75, 25 kg/ha O, P (0, 37.50, 50 kg/ha'O and four levels of fly ash 
(0, 5, 10 and 15 t/ha ') on vertisol. Significantly highest yield of grain and 
straw along with highest content and uptake of nutrients were recorded 
with the increasing levels of fly ash upto 10 t/ha '. Further increase in its 
application did not show any advantage. The highest contents of crude 
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protein and test weight were recorded by same level of fly ash. However, 
combined effect of fly ash and fertilizers was non-significant. Birajdar et 
al. (2000) reported that application of fly ash increased the tuber yield of 
sweet potato significantly with each incremental dose upto 15 t/ha'^ 
Further, FYM had also increased tuber yield of sweet potato and increase 
in the yield was higher than that of fly ash treatments. Nutrient availability 
and exchangeable calcium and magnesium were also found significantly 
more in FYM applied plots over fly ash application and control. 
Ill - Effects of fly ash deposition on plants 
Fly ash, under certain conditions of humidity, stick to the leaves 
or fruits and promote chemical as well as physical injuries. Small necrotic 
dark brown spot appeared on leaves of many vegetations including crop 
plants near fossil fuel burning power plant. Vaccarino e/ al. (1983) 
attributed it to the association of vanadium with fly ash. Some other 
studies have demonstrated that the vandate ions act as an inhibitor to the 
sodium pump (Macara, 1980) and negatively affect many enzymes 
(Catalan el al. 1980). Fly ash particles, concentrated on the surface of the 
guard cells, affects the mechanism that regulates the opening and closing 
of the stomata and often prevents their closing by blocking the stomatal 
aperture (Fluckiger et al., 1979; Krajickova and Mejstrick, 1984). Dubey 
et al. (1982) reported that fly ash dusting @ 2-6 g/mVday increased the 
plant height, dry weight, chlorophyll and carotenoids content of chickpea 
and wheat, Mishra and Shukla (1986a) observed that fly ash dusting at 
lower rates increased plant height, metabolic rate, content of 
photosynthetic pigment and dry weight of maize and soyabean due to 
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correction of boron deficiency by fly ash deposition. However, highest 
dusting rates caused reductions in pigment content and dry matter 
production which was attributed chiefly to the excessive uptake and 
accumulation of boron and alkalinity caused by excessive soluble salts on 
the leaf surface. Moreover, thick layer of fly ash also interferes with light 
required for photosynthesis and thus reduces the photosynthetic rate. 
Leaves laden with fly ash, absorb radiation more effectively. 
Consequently, the temperature of the dusted leaves rises resulting in 
increased transpiration rates. Satyanarayana et al. (1988) analyzed the 
biochemical characteristics of Datura innokia which had a high fly ash 
deposition. They found the concentrations of photosynthetic pigments 
were low in the leaves of plants, showing high levels of sugars, total 
phenols and free proline, and high activity of oxidative enzymes. 
IV - Leaf blight of wheat caused by Alternaria triticina 
Leaf blight is a common and often destructive disease of wheat 
in various parts of India. Many of the wheat varieties which are highly 
resistant to rusts have been found highly susceptible to this disease. 
a - Symptoms 
Disease appear in the field when the crop is seven to eight weeks 
old (Rangaswami, 1988). The extent of damage depends upon the variety 
and the stage at which infection occurs. The disease first makes its 
appearance as small, oval, discoloured lesions which are irregularly 
scattered on the leaves. These spots become irregular in shape with 
increase in size and appear brown to grey in colour. A bright yellow zone 
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surrounds the spots. Several lesions coalesce to cover large areas and 
cause death of the entire leaf. In some case the leaf starts drying up from 
the tip. Black powdeiy conidia of the fungus cover the lesions under moist 
conditions. Similarly, symptoms may appear on leaf sheaths, ears, awns 
and glumes (Singh, 1996). 
b - Effect of temperature, pH and nutrition 
Prabhu and Prasada (1966) studied the leaf blight of wheat 
caused by Alternaria triticina and found that conidia of A. triticina 
germinate at temperature ranging from 5 to 35° C. Hundred per cent 
humidity is required for the maximum germination. Maximum 
development of disease took place around 25°C and minimum 48 hours 
saturated atmosphere is prerequisite for successful infection. Singh and 
Tyagi (1978) studied the growth and sporulation of A. triticina and 
observed that the fungus was able to utilize organic, ammonium and nitrate 
nitrogen. Asparagine and sucrose supported highest growth among 
nitrogen and carbon sources, respectively. The fungus can sporulate with 
any source of nitrogen and carbon provided the cultures were incubated 
for sufficient length of time. pH is known to have a profound effect on 
growth and sporulation of fungus and spore production is possible only 
over a narrower range of pH than that permitting mycelial growth. 
Sporulation was more in media which turned neutral or alkaline than 
acidic after growth of the fungus. 
c - Production of enzymes and toxins 
Singh and Tyagi (1978) observed polygalacturonase activity by 
A. triticina was not influenced by various divalent cations such as Mg^" 
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and Ca^ "^  although stimulation in the actvity of some pectolytic enzymes 
was observed. Singh and Ram (1992) reported that secretion of various 
pectolytic enzymes by A. trilicina and A. solani. Addition of tomato 
extract stimulates the production of the enzymes in the culture medium 
which degrade maltose and this in turn stimulates further enzymes 
production. Bilgrami et al. (1995) reported thsd Alternria spp. produce 5 
Alternaria micotoxins i.e. tenuazonic acid (TA), alternariol (ADH), 
alternariol monomethyl ether (AME), altertoxin-1 (ATX-1) and 
altenuene(ALT). Ozcelik and Ozcelik (1997) investigated toxin production 
by the Alternaria spp. in modified Czapek Dox Broth (m CDB). The 
highest levels of tenuazonic acid (TeA), alternariol (AOH) and alternariol 
methyl ether (AME) production were found at 21 day at pH 8 and temp. 
15-25°C. Glucose was the best source of sugar for production of TeA, 
AOH and AME in m CDB. 
d - Screening 
Kumar et al. (1974) studied the nature of disease resistance and 
susciptibility in leaf blight of wheat caused by A. triticina in vivo and in 
vitro and observed the fungus failed to make any penetration on the leaves 
of highly resistant variety. In highly susceptible variety, penetration was 
stomatal and the fungus formed appressorium before penetration. In 
moderatley resistant variety also, it failed to make any penetration but the 
growth of the germ tube and its branching were comparatively vigorous 
than on highly resistant variety. In vitro, conidia failed to germinate on the 
callus of highly resistant variety. The growth of the fungus was limited on 
the callus of moderately resistant variety and it grew mainly 
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extrametrically. It did make few penetrations and infected the upper most 
4-5 layers of cells. In highly susceptible variety, almost all condia that 
came in contact with callus surface, germinated and germ tubes penetrated 
the cells directly. The growth of the mycelium was intercellular as well as 
intracellular. Singh and Tyagi (1979) studied varietal reaction of to leaf 
blight and found that out of the 40 varieties tested, 20 were free from leaf 
blight. Among the varieties grown, C-28I and C-306 were susceptible 
whereas Kalyansona was resistant. Agra local which was reported earlier 
to be highly resistant found to be susceptible. Similarly, Ahmad and Singh 
(1983) screened 70 cultivars of wheat against Alternaria blight and 
reported that none of the test cultivars could be rated as immune. However, 
three cultivars viz., H.P.-1I63, H.D.-1941 and M-134 were found resistant. 
Kalyansona (S 227) was found susceptible. Beshir (1994) studied the 
susceptibility of 12 wheat cultivars to A.triticina under greenhouse 
conditions by sowing seeds in infested soil and noted variation among the 
cultivars for susceptibility. Infection with A. triticina caused significant 
decrease in growth parameters especially susceptible cultivars had 
intermediate amounts of sugar. There were more phenolic compounds in 
the resistant cultivars in both healthy and infected plants, but there were 
also more phenolic compounds in infected plants compared to healthy 
plants. Phenolic compounds accumulated more rapidly in resistant 
cultivars than susceptible cultivars as a result of infection. Chowdhury and 
Roy (1995) conducted a field trials to determine the susceptibility of 8 
wheat varieties to A. iriticina and recorded differences in disease ratings 
and grain yields. Variety K-8904 had the lowest disease rating, followed 
by K-8908 and UP-262. Borkar and Patil (1996) studied the development 
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of leaf blight and response of wheat varieties to rainfed and irrigated 
conditions. Alternaria leaf blight incidence appeared on 4 week" old wheat 
crop i.e. at seedling stage under rainfed and irrigated conditions. However, 
different wheat varieties differed in their response to the blight infection 
and its progress (increase in infection between two growth stages of wheat 
crop i.e. seedling to tillering to boot leaf) under rainfed and irrigated 
conditions. In general, maximum level of infection under rainfed 
conditions was 60% while under irrigated condition it was 80%. Likewise, 
the progress of infection under rainfed condition was upto 25% and under 
irrigated condition upto 40%. Varieties upto 20% infection with 5% 
infection progress can be considered as resistant, while varieties below 
30% infection with 5% infection progress should be considered as 
moderately resistant to the infection. Chaurasia et al. (2000) studied the 
relative dominance of friticina and Bipolaris sorokiniana in different 
growth stages of wheat and found both the pathogens appeared with the 
initiation of early tillering but their spread differ according to genotype, 
growth stage and weather conditions. Maximum population of A. triticina 
was recorded at the 69th (flowering complete) growth stage while B. 
sorokiniana was maximum at the 77th growth (late milk) stage. 
Temperature upto 26°C and high humidity favoured A. triticina while 
relatively warm and low humidity favoured B. sorokiniana. 
e - Physiological and biochemical changes in diseased plants 
Vijayakumar and Rao (1980) studied the physiological changes 
in Alternaria infected wheat leaves and found that the quantity of sugars 
and starch decreased in both resistant and susceptible variety as a result of 
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infection. Total and amino nitrogen increased in the susceptible variety 
whereas decreased in the resistant variety. Total phenolic content of 
resistant leaves increased with a concomitant decrease in orthodihydroxy 
phenols while it decreased in susceptible leaves. The concentration of free 
amino acids increased simultaneously with increase in protein, ainino acids 
in infected plants of both varieties. The concentration of amino acids, 
especially of those involved in aromatic metabolism increased markedly in 
diseased plants of resistant variety compared to susceptible variety. 
Chlorophyll content decreased with progress of infection. The progress of 
disease was halted after five days in the resistant variety and this was 
reflected in chlorophyll content and sugar concentration while changes in 
phenols and nitrogenous components continued upto ten days. 
f - Yield losses 
Chenulu and Singh (1964) estimated the losses due to leaf blight 
of wheat caused by A. triticina and reported that loss in yield of grain 
varies from variety to variety and again within a variety the growth stage, 
at the times of inoculation. Losses, however, were maximum when plants 
get infected at two and half month stage (boot stage). The losses, however, 
were comparatively less if infection takes place after ear emergence (3 
month growth stage) and grain setting has started. The boot stage appears 
to be the most critical stage and losses were maximum if infection occurs 
at this stage. Prabhu and Singh (1974) evaluated yield loss in wheat due to 
foliage diseases caused by A. triticina and Helminthosporium sativum. 
There was a clear relationship between the severity of the leaf symptoms 
and the yield loss. The yield losses increased at the rates of 0.92, 0.52 
28 
and 0.36 units, per unit increase of disease incited by H. sativum, A. 
triticina and combined infections of both the pathogens, respectively. The 
reduction in yield loss due to infection by A. triticina was 10 per cent 
more than that caused by H. sativum infection at 50 per cent level of 
disease. At the same level with disease incited by the combined infection 
of both the pathogens, an increment of 10 per cent loss over that oi A. 
triticina was noticed. Karwasra et al. (1998) reported that leaf blight 
caused by A. triticina and H. sativum caused significant grain yield losses 
of wheat. 
g - Effect of air pollution 
Kumar et al. (1996) studied the effect of pollution by automobile 
exhausts on the incidence of disease in 14 varieties of wheat. Plant 
exposed to automobile exhausts suffered more from brown rust (Puccinia 
recondita) compared with those in unpolluted areas. The incidences of foot 
rot (Cochlioholus sativus) and leaf blight (A. triticina) were reduced by 
pollutants. However, with respect to loose smut (Ustilago tritici) of wheat, 
varieties exhibited variability in their response. 
V - Brown spot of rice caused by Helminthosporium oryzae 
Helminthosporiosis or brown spot disease of rice is widespread 
and occurs in all rice growing countries of the world. It causes heavy 
losses, particularly in the leaf spotting phase, and can reach epidemic 
proportions. It's epidemic outbreak resulted in huge yield loss, extending 
as high as 90% in certain areas (Padmanabhan, 1973). 
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a - Symptoms 
Symptoms appear as lesions on the coleoptile, leaf sheath and 
glume, being most prominent on the leaf blade and glumes (Chakrabarti 
and Chaudhuri, 1992). The lesions were brown at first, and later become 
typically ellipsoidal, oval to circular. At maturity they have a light brown 
or grey center with a dark or reddish brown margin In severe infection, 
the whole grain surface becomes blackened and the seeds were shrivelled 
and discolored. Seedlings were often heavily attacked with numerous 
lesions about 2.5 mm in diameter, and in such cases, leaves may dry out 
and ultimately die (Chakrabarti and Chaudhuri, 1992). Castano et al. 
(1991) studied the etiology of grain discoloration and found that H. oryzae 
was the predominant species of 20 seed borne fungi identified and 
pathogenecity tests reproduced typical grain discoloration symptoms. 
Zulkifli et al. (1991) observed increasing disease severity of the parent 
plant, decreased seed germination upto 40% and reduced seedling height 
(3-20%). Grain yield was also reduced. Bora et al. (1993) reported that 
inoculation of rice seeds with H. oryzae caused discoloration and reduced 
germinability. According to Salive (1994) in conjunction with 
physiological stress, attack by various insects and fungal diseases 
(particularly H. oryzae) were also some factors influencing darkening of 
rice grains. Vivekanandan et al. (1995) tested reaction of fifteen scented 
rice hybrids to brown spot disease caused by H. oryzae. Least disease 
incidence was recorded on ADT 39 x Kasturi, IWP x Pusa Basmati 1 and 
IWP X Kasturi which also showed significant negative heterosis for disease 
incidence. 
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b - Isolates 
Misra and Chatterjee (1963) made a comparative study of two 
isolates (IS and IB) of Helminthosporium oryzae and observed differences 
in morphological characters, growth and sporulation in different culture 
media, pH requirement for optimum growth and the pathogenic behaviour 
on different paddy varieties. The isolate IB did not sporulate at all and 
appeared to be different strain. Filho and Bedendo (1996) compared 
isolates of H. oryzae in relation to growth on culture media, temperature 
of incubation, fungicide sensitivity and sectoring. There was evidence of 
variability among isolates obtained within the same geographical area and 
isolates from different regions. It was not possible to arrange the isolates 
in relation to their origin regions. Diaz and Bedendo (1999) investigated 
the behaviour of sporulating and non sporulating isolates of H. oryzae in 
carbon and nitrogen sources and some amino acids. Non sporulating 
isolates grew better than sporulating ones in almost all the carbohydrates, 
nitrogen compounds and groups of amino acids. However, single isolates 
exhibited variability in relation to these nutritional factors. 
c ~ Effects of nutrients on disease development 
Chattopadhyay and Dickson (1960) studied the relation of 
nitrogen to disease development in rice seedlings infected with 'H. oryzae. 
Seedling blight maximum was in seedlings grown in solution of 105 ppm 
NO, only, and of 329 ppm with 217 NO, and 112 NH^. Both seedling 
blight and lesion size were reduced in solutions with intermediate levels 
of NH^ nitrogen, which were optimum for host development. Fungus 
isolates did not appear to differ greatly in pathogenicity. Germ tube 
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development and spread of the mycelium in mesopyll, bundle sheath, 
phloem, and xylem, and the collapse of the tissues were more rapid and 
extensive at deficient or high levels of NH^ nitrogen than at intermediate 
levels. Both deficiency and excess of NH^ nitrogen appeared to affect 
disease development similarly. Gangopadhyay and Chattopadhyay (1975) 
studied the biochemical changes of rice plants at different levels of 
nitrogen in relation to brown spot disease development. A positive 
correlation was noticed between the level of soluble nitrogen and brown 
spot disease incidence whereas protein nitrogen yielded a negative 
correlation. Datnoff el al. (1989) reported that increasing concentration of 
calcium silicate slag (upto 15 mg/ha) increased rice yield. The negative 
correlation of yield with brown spot (H. oryzae) was - 0.56 (P = 0.0001) 
and was -0.85 with blast (Pyriatlaria oryzae). According to Tembhurnikar 
(1989) yields of rice were similar when ammonium sulphate and green 
manures from water hyacinth (Eichhornia) and Ipomoea carnea were used 
as fertilizer, while development of the disease caused by H. oryzae and 
Xanlhomonas compestris pv. oryzae were generally less in plots receiving 
the green manures. Stefan and Stefan (1990) studied on the foliar 
application of urea and liquid fertilizers on rice and found that attacks of 
H. oryzae and Pyricidaria oryzae were highest with 90 kg N as urea 
applied to leaves at all 3 stages (5.7%) and lowest (1.3%) with no 
fertilizers. Nutrition coefficient and rice yield and quality increased with 
increase in use of liquid N fertilizer. Varughese and Padmakumari (1993) 
studied the effect of organic manure and inorganic fertilizers on the 
disease incidence in rice. In a long term field trial on a poor sandy soil, 
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plots receiving cattle manure as the sole fertilizer (80 kg N/ha) showed the 
least disease during 1988 and 1989, when H. oryzae was the major 
pathogen. Disease intensity was very high in treatments where N was 
supplied as ammonium sulphate. 
d - Culture 
Misra and Chatterjee (1964) induced saltations in H. oryzae in 
Richard's agar and potato dextrose agar media at 16°C. At 30°C, saltants 
were observed in Richard's medium only. Sodium chloride added to 
Richard's agar medium at 2 and 3 per cent concentrations induced the 
formation of saltants. The saltants formed at low temperature were 
permanent nature, but others reverted to the parent form. Massola and 
Bedendo (1993) studied the effect of culture media, time of incubation, 
light and temperature on conidium production of H. oryzae and reported 
that the best sporulation occurred on PDA + pepton medium when the 
fungus was incubated for 10 days at 21°C in the dark. Conidium 
germination reached 100% and there was no changes in pathogenecity. 
e - Physiological and biochemical changes in diseased plants 
Dasgupta and Chattopadhyay (1975) found that the youngest 
topmost leaves of rice among other leaf positions were most resistant to 
brown spot. Second leaves form top were most susceptible and third leaves 
from top are less suceptible than the second. Resistance against initiation 
of infection and expansion of lesion were two different phenomena and 
both of them vary with age and differentiation. Increase in susceptibility 
coincided with increase in dry weight, total N, free and protein bound 
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amino acids. Herrera (1991) found correlations between chemical and 
physical properties of the soil and intensity of rice infection by H. oryzae. 
Low organic matter and reduced cationic exchange increased plants 
susceptibility to the disease. Vidyasekaran el al. (1992) reported that 
infection by H. oryzae caused a decrease in phenolic content and of 
peroxidase and phenylalanine- ammonia lyase activities in rice leaves at 
advanced stages. At later stages of infection, the pathogen toxin 
accumulated in infected tissues. The partially purified toxin, isolated form 
culture filtrates of the fungus, also caused a decrease in phenolic content 
and phenylalanine-ammonia lyase activities in rice leaves. Catechol, quinic 
acid, phenylalanine, ethrel and WL 28325 were fed to rice plants to 
increase their phenol metabolism. These treatments increased the total 
soluble phenolic content in leaves, delayed the symptoms appreciably. 
When toxin was applied to the leaves of the chemically treated plants the 
leaves phenolic content decreased rapidly, hence the major role of the 
toxin in pathogenesis is the suppression of defence mechanisms of rice 
plants. Hegazi el al. (1993) observed a high correlation between the levels 
of phenols, lignin, flavonoids, silicon and oxidative enzymes in rice leaf 
tissue and the susceptibility of rice cultivars Giza 180 and Arabi to brown 
spot disease. Healthy leaves of Giza 180, the less susceptible cultivar, 
contained high levels of total phenols and flavonoids. These compounds 
increased in response to infection. The content of phenols and flavonoids 
increased as infection progressed in both cultivars. Lignin and silicon 
levels were higher in healthy and infected Giza 180 than in Arabi, the 
more susceptible cuUivar. Infection by H. oryzae caused lignin and silicon 
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to decrease in both cultivars. Peroxidase and polyphenol oxidase activities 
were higher in healthy and infected Giza 180 than in Arabi and ascorbic 
acid oxidase activity was higher in infected Giza 180 than in Arabi. 
Sachan and Agarwal (1995) reported that fungi associated with ash grey 
discolouration {Alternaria alternala), light brown discoloration 
{Sarocladium oryzae), black discoloration {H. oryzae), dark purple 
discoloration {H. oryzae), dark brown spots (H. oryzae) and light to dark 
brown dot like spots {H. oryzae) caused a decrease in starch content 
compared with healthy seeds. The reduction in starch content was higher 
in seeds having discoloration of both embiyo and endosperm regions 
comapred with seeds with discoloration of one region only. In seeds with 
black discoloration, dark brown spots and dark purple discoloration, higher 
amount of protein were detected compared with healthy seeds. John (1996) 
studied the physiology of rice leaves inoculated with H. oryzae and 
compared with that of senescent leaves. Photosynthetic activity and total 
chlorophyll content were higher in senescent leaves than inoculated leaves. 
Respiration rate was higher in infected leaves than senescent leaves. 
Materials 
and 
Methods 
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MATERIALS AND METHODS 
Physico-chemical analyses 
The physico-chemical characters of the fly ash - soil mixtures (0, 
20, 40, 60, 80 and 100% fly ash) used in the treatments were determined 
before sowing the seeds. The soil samples were passed through a 2 mm 
sieve before analyses and the following properties were determined : 
porosity and water holding capacity by hydrometry (Allen et ai, 1974); 
pH, conductivity and cation exchange capacity (C.E.C.) using soil : 
distilled water in pH and conductivity meters; sulphate, carbonate, 
bicarbonate and chloride by analytical methods (Chopra and Kanwar, 
1982); nitrogen by Kjeldahl digestion (Nelson and Sommers, 1972); and 
phosphorus by phosphomolybdic blue colorimetiy (Jackson, 1958). 
Calcium and potassium were analysed by flame photometer. 
Two crops, wheat {Tritiaim aestiviim L.) and rice (Oryza sativa 
L.) were selected for the present study. Studies on the wheat were 
presented in section-I while section 11 deals with rice. In each section, two 
experiments were conducted. 
Section I - Wheat 
Three wheat cultivars viz. Lok-1, HD-2329 and HD-2009 were 
selected as test plants throughout the course of investigation. AUernaria 
triticiria Prasad and Prabhu as test pathogen. Two experiments on the 
wheat were as follows. 
1. Effects of fly ash and A. triticina on the growth, yield, photo synthetic 
pigments, protein and lysine contents of three cultivars of wheat. 
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2. Effects of foliar dusting of fly ash and A. irilicina on the growth, 
yield, photosynthetic pigments, protein and lysine contents of three 
cultivars of wheat. 
Fungus culture and inoculation 
Fungus culture and inoculation was similar for both the 
experiments. Pure culture of Alternaria trilicina was obtained from the 
Division of Mycology and Plant Pathology, Indian Agricultural Research 
Institute, New Delhi, India. The culture of A. triticina was multiplied on 
petri-plates containing potato dextrose agar. Potato dextrose agar was 
prepared by adding 
Potato (peeled) 200 g 
Dextrose 20 g 
Agar 15 g 
Distilled water 1000 ml 
as described by Deshmukh (1997). The petri-plates were then incubated 
in a B.O.D. incubator at 25°C. For the inoculation, a conidial suspension 
was made in distilled water and sprayed on the plants with an atomizer. 
Before spraying the flaskes containing conidial suspension were shaken 
vigorously, 1 ml suspension was poured in haemocytometer and number of 
conidia were counted. Mean of 5 such counts were taken, 1 ml suspension 
contained 500±10 conidia approximately. Ten ml of suspension was 
sprayed to inoculate 5000 conidia per plant and inoculations were made 
30 days after sowing. The inoculated plants were then incubated in humid 
chamber for a period of 72 hrs and then transferred to glasshouse benches 
and were regularly watched for the development of the disease. 
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Experiment - 1 : Effects of fly ash-soil amendments and A. triticina on 
the cultivars of wheat. 
Fly ash used in the experiment was collected from the thermal 
power plant (530 MW capacity) located at Kasimpm; Aligarh, India. This 
power plant consumes 3192 tonnes of bituminous coal day'^ and produces 
650 tonnes day ' of fly ash. The field soil (from Aligarh) used in the 
experiment was sandy loam, containing 71, 18 and 11% sand, silt and clay 
particles, respectively. Normal field soil was autoclaved at 137.9 KPa for 
20 minutes while fly ash was dried in the sun for 10 days and mixed 
together (vol:vol) in 6 proportions, i.e. 0, 20, 40, 60, 80 and 100% fly ash 
with soil. Clay pots (30 cm dia.) were filled with 4 kg of ash-soil mixtures. 
Plant culture 
Five seeds of each cultivar of wheat {Triticum aestivum)-, Lok-1, 
HD-2329 and HD-2009 were sown separately in the six soil - fly ash 
mixtures after surface sterilization by 0.01% HgCl,. Two-weeks after 
germination thinning was done and a healthy seedling was maintained in 
each pot. Plants of each wheat cultivar grown in each soil type were 
inoculated with Alternaria triticina, and control (without triticina). So 
there were 12 treatments for each cultivar and in total 36 treatments for 3 
cultivars. Each treatment were replicated five times (36 x 5 = 180 pots in 
total). The pots were arranged on a glasshouse bench at IS^C and watered 
regularly. The experiment was terminated 90 days after fungus inoculation. 
The design of experiment was as follows 
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Cultivars Fungus Fly ash : soil mixture 
Lok-1 
Without A. triticina 
0% fly ash 
20% fly ash 
40% fly ash 
60% fly ash 
80% fly ash 
100% fly ash 
With A. triticina 
0% fly ash 
20% fly ash 
40% fly ash 
60% fly ash 
80% fly ash 
100% fly ash 
HD-2329 
Without A. triticina 
0% fly ash 
20% fly ash 
40% fly ash 
60% fly ash 
80% fly ash 
100% fly ash 
Withy^. triticina 
0% fly ash 
20% fly ash 
40% fly ash 
60% fly ash 
80% fly ash 
100% fly ash 
Without A. triticina 
0% fly ash 
20% fly ash 
40% fly ash 
60% fly ash 
80% fly ash 
100% fly ash 
HD-2009 
With A. triticina 
0% fly ash 
20% fly ash 
40% fly ash 
60% fly ash 
80% fly ash 
100% fly ash 
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Experiment-2 : Effects of foliar fly ash applications and A. triticina on 
the cultivars of wheat. 
The application of fly ash particles ranged from 1 to 500 jam in 
size was carried out by a plastic duster, which delivered uniform fly ash 
particles over the leaf surface. Dusting of fly ash was began 3 days after 
fungus inoculation (33 days after sowing) and continued for 57 days at the 
rates of 0.0, 2.5, 5.0 and 7.5 g day 'plant"'. A plastic hood around the base 
of each plant was used to cover the soil to prevent fly ash being deposited 
on the soil surface. Plants were irrigated under these hoods and was never 
applied to the foliage. 
Plant culture 
Five seeds of each cultivar of wheat viz. Lok-1, HD-2329 and 
HD-2009 were sown separately in autoclaved soil (137.9 KPa for 20 
minutes) after surface sterilization by 0.01% HgCl^. Two-weeks after 
germination thinning was done and a healthy seedling was maintained in 
each pot. Plants of each cultivar were inoculated with A. triticina and 
without A. triticina (control) and were dusted per day with 0.0, 2.5, 5.0 
and 7.5 g fly ash three days after fungus inoculation. So there were 8 
treatments for each cultivar (2x4) and in total 24 treatments for 3 cultivars 
(3x8 = 24). Each treatment were replicated five times (24x5 = 120 pots in 
total). The pots were then arranged on a glasshouse bench at 15°C and 
watered regularly. The experiment was terminated 90 days after fungus 
inoculation. The design of experiment was as follows 
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Cultivars Fungus Fly ash planf'day"^ 
Lok-1 
Without A. triticina 
O.Og fly ash 
2.5g fly ash 
5.0g fly ash 
7.5g fly ash 
With A. triticina 
O.Og fly ash 
2.5g fly ash 
5.0g fly ash 
7.5g fly ash 
HD-2329 
Without A. triticina 
O.Og fly ash 
2.5g fly ash 
5.0g fly ash 
7.5g fly ash 
With A. triticina 
O.Og fly ash 
2.5g fly ash 
5.0g fly ash 
7.5g fly ash 
HD-2009 
Without^, triticina 
O.Og fly ash 
2.5g fly ash 
5.0g fly ash 
7.5g fly ash 
With A. triticina 
O.Og fly ash 
2.5g fly ash 
5.0g fly ash 
7.5g fly ash 
Section II - Rice 
Three cultivars of rice namely Pant-4, Pant-10 and Pusa Basmati 
were selected as test plants throughout the course of investigation. 
Helminlhosporium oryzae Breda de Haan as test pathogen. Two 
experiments on the rice designated as 3 and 4 were as follow. 
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3. Effects of fly ash and H. oryzae on the growth, yield, photosynthetic 
pigments, protien and lysine contents on the three cultivars of rice. 
4. Effects of foliar fly ash dusting and H. oryzae on the growth, yield, 
photosynthetic pigments, protein and lysine contents on the three 
cultivars of rice. 
Fungus culture and inoculation 
Fungus culture and inoculation was similar for both the 
experiments. Pure culture of Helminthosporium oryzae was obtained from 
Division of Mycology and Plant Pathology, Indian Agricultural Research 
Institute, New Delhi and multiplied on potato dextrose agar (PDA). 
Preparation of conidial suspension and inoculation was done as described 
in section I. 
Experiment 3 - Effects of fly ash-soil amendments and H oryzae on the 
cultivars of rice. 
Collection of fly ash, preparation of six soil types and filling of 
pots was same as in the section-1 but pots were previously lined with 
polythenes for water logging before filling the soil-fly ash mixtures. 
Plant culture 
Five seeds of each cultivar of rice namely Pant-4, Pant-10 and 
Pusa Basmati were sown separately in six soil-fly ash mixtures. Surface 
sterilization of seeds and thinning of seedling was done as described in 
section I. Plants of each rice cultivar grown in each soil type were 
inoculated with Helminthosporium oryzae and control (without H. oryzae). 
So there were 12 treatments for each cultivar and in total 36 treatments for 
3 cultivars. Each treatment were replicated 5 times (36 x 5 = 180). Pots 
were arranged on glass house bench at 30°C and watered regularly. The 
experiment was terminated 90 days after fungus inoculation. The design 
of the experiment was as follows 
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Cultivars Fungus Fly ash : soil mixture 
Pant-4 
Without H. oryzae 
0% fly ash 
20% fly ash 
40% fly ash 
60% fly ash 
80% fly ash 
100% fly ash 
With H. oryzae 
0% fly ash 
20% fly ash 
40% fly ash 
60% fly ash 
80% fly ash 
100% fly ash 
Pant-10 
Without H. oryzae 
0% fly ash 
20% fly ash 
40% fly ash 
60% fly ash 
80% fly ash 
100% fly ash 
With H. oryzae 
0% fly ash 
20% fly ash 
40% fly ash 
60% fly ash 
80% fly ash • 
100% fly ash 
Pusa Basmati 
Without H. oryzae 
0% fly ash 
20% fly ash 
40% fly ash 
60% fly ash 
80% fly ash 
100% fly ash 
With H. oryzae 
0% fly ash 
20% fly ash 
40% fly ash 
60% fly ash 
80% fly ash 
100% fly ash 
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Experiment 4 - Effects of foliar fly ash applications and H. oryzae on 
the cultivars of rice. 
Foliar fly ash application and irrigation of plants was same as in 
experiment-2. 
Plant culture 
Five seeds of each cultivar of rice namely Pant-4, Pant-10 and 
Pusa Basmati were sown separately. Culture of plants and experimental 
design was same as in experiment-2 except Helminthosporium oryzae was 
inoculated in place of A. triticina. Moreover, plants were arranged on a 
glasshouse bench at 30°C and watered regularly. The experiment was 
terminated 90 days after fungus inoculation. The design of the experiment 
was as follows 
Cultivars Fungus Fly ash plant ' day ' 
Pant-4 
Without H. oryzae 
O.Og fly ash 
2.5g fly ash 
5.0g fly ash 
7.5g fly ash 
With H. oryzae 
O.Og fly ash 
2.5g fly ash 
5.0g fly ash 
7.5g fly ash 
Pant-10 
Without H. oryzae 
O.Og fly ash 
2.5g fly ash 
5.0g fly ash 
7.5g fly ash 
With H. oryzae 
O.Og fly ash 
2.5g fly ash 
5.0g fly ash 
7.5g fly ash 
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O.Og fly ash 
2.5g fly ash 
Without H. oryzae 5.0g fly ash 
7.5g fly ash 
Pusa Basmati 
O.Og fly ash 
2.5g fly ash 
With H. oryzae 5.0g fly ash 
7.5g fly ash 
Observations 
For all the four experiments following parameters were 
considered. 
1. A- Plant growth (length, fresh and diy weight of shoots and roots); 
B- Yield (no. of spikes/panicle per plant, no. of grains for spike/ 
panicle, no. of grains per plant and weight of 100 grains). 
2. Photosynthetic pigments (chlorophyll a, b, total chlorophyll and 
carotenoids) 
3. Protein (soluble and insoluble) 
4. Lysine 
5. Percent infected leaf area (A. triticina in case wheat and //.. oryzae in 
rice). 
1. Plant growth and yield 
Experiment was terminated 90 days after fungus inoculation. 
Length, fresh and dry weights of shoots and roots were determined. Shoot 
length was taken from the point of emergence of the root to the shoot apex 
45 
while root length was recorded from root emergence to longest root and 
both were recorded in cm. Shoot and root fresh weight were recorded in g. 
Shoots and roots were dried in a hot air oven at 60°C for 48 hrs and their 
dry weight were recorded. Yield was determined by the number of spikes 
per plant, number grains per spike in wheat, number of panicles per plant, 
number of grains per panicle in rice, number of grains per plant and weight 
of 1000 grains in both wheat and rice. 
2. Photosynthetic pigments 
Chlorophyll (a and b) and carotenoid were estimated according 
to the method of Arnon (1949). Fresh leaves were plucked during 
flowering stage from the plants of all treatments and weighed (Ig) and 
macerated in 80 per cent acetone. The suspension was filtered through the 
Whatman filter paper no. 1 to the 100 ml volumetric flask and made to a 
known volume by adding 80 percent acetone. The absorbance was read at 
480 and 510 nm for carotenoid and at 645 and 663 nm for chlorophyll a 
and b against 80 per cent acetone blank on spectrophotometer. The 
carotenoid, chlorophyll a, chlorophyll b and total chlorophyll present in 
the given extract were calculated according to the following formulae. 
a) carotenoid mg/g fresh leaf 
7.6 X (O.D. 480) - 1.49 x (O.D. 510) 
d X 1000 X w 
b) chlorophyll a mg/g fresh leaf 
V 
12.7 X (O.D. 663) - 2.69 (O.D. 645) 
1000 X w 
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c) chlorophyll b mg/g fresh leaf 
V 
22.9 X (O.D. 645) - 4.68 (O.D. 663) 
1000 X w 
d) total chlorophyll mg/g fresh leaf 
V 
20.2 X (O.D. 645) + 8.02 (O.D. 663) 
1000 X w 
O.D. = optical density (absorbance) 
d = length of the light path 
V = total volume 
w = fresh weight of the leaf. 
The percentage increase/decrease over control in carotenoid and 
chlorophyll contents were calculated. 
3. Protein estimation 
The protein contents of the grains was estimated by method of 
Lowry el al. (1951). Following reagents were prepared for estimation of 
soluble and insoluble protein contents. 
Reagent A - 2% sodium carbonate in O.IN NaOH in the ratio of 1:1. 
Reagent B - 0.5% copper sulphate in 1% sodium tartarate in the ratio of 
1 : 2 . 
Reagent C - 50 ml reagent A + 1 ml reagent B (Alkaline CuSO^). 
Reagent D - 50 ml of 2% sodium carbonate + 1 ml reagent B. 
(Carbonate CuSO^ solution) 
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Reagent E - Follin's reagent diluted to make IN acid. (Diluted follin's 
reagent) 
Before actual estimation a standard curve was prepared by 
dissolving 40 mg of egg albumin in O.IN NaOH solution, the volume was 
made upto 100 ml from this solution, aliquots of 0.1 ml to 1 ml were taken 
in 10 test tubes. Reagent A was added to the test tubes and after 10 
minutes 0.5 ml reagent E was added. The per cent transmittance was read 
at 770 nm and standard curve was drawn between O.D. and 
concentrations. 
A. Soluble protein 
Fifty mg dried powder of grains was ground with 5 ml of double 
distilled water in mortar and pestle. The water extract was decanted in 
centrifuge tube for centrifugation at 400 rpm for 10 minutes. Then the 
supernatent was collected in 50 ml volumetric flask and the residue was 
retained in centrifuge tube for estimating insoluble proteins. After making 
the volume upto 50 ml, 1 ml of water extract was transferred in a 10 ml 
test tube followed by addition of 5 ml of reagent C. After mixing, the 
solution was left as such for 10 minutes. Then 5 ml of reagent E was 
added and mixed immediately. The control was run along with 
experimental set. Per cent transmittance was read at 660 nm after half an 
hour. The corresponding protein content was measured by using the 
standard curve. 
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B. Insoluble protein 
The residue retained in tlie centrifuge tube was used for insoluble 
protein estimation. Five ml of 5% trichloro acetic acid was added to the 
residue with shaking. After half an hour it was centrifugted at 400 rpm for 
10 minutes. The supernatent was discarded. Five ml of IN NaOH was 
added in the residue with vigorous shaking. After half an hour it was again 
centrifuged and supernatent was collected in 50 ml volumetric flask and 
volume was made upto within IN NaOH. 
One ml of this solution was taken in test tube with 5 ml of 
reagent D followed by mixing. After 10 minutes 0.5 ml of reagent E was 
added with immediate mixing. IN NaOH was used in control. Per cent 
transmittance was read at 660 nm after 30 minutes. The protein content 
was calculated by using the standard curve. The percentage increase/ 
decrease in protein contents over control were calculated. 
4. Lysine estimation 
The lysine content of the grains were estimated by using the 
method given by Sadasivum and Manickam (1996). The following reagents 
were prepared for estimation of lysine content. 
- Reagent A : 2.89 CuCl^ . lHp in 100 ml water. 
- Reagent B : 13.6 g Na,P0^.12Hp in 200 ml water. 
- Sodium borate buffer 0.05 M pH 9.0 
- Copper Phosphate Reagent : 100 ml of reagent A was poured to 
200 ml of reagent B with swirling, centrifuged and discarded the 
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supernatant. The pellet was resuspended three times in 15 ml borate buffer 
and centrifuged after each suspension. After third washing the pellet was 
resuspended in 80 ml of borate buffer. 
- 3% solution of 2-Chloro-3,5-Dinitropyridine in methanol was 
prepared fresh just prior to use. 
- 0.05 M Sodium carbonate buffer pH 9.0. 
- Amino acid mixture : 30 mg alanine, 50 mg glutamic acid, 60 
mg aspartic acid, 20 mg cystein, 300 mg glutamic acid, 40 mg glycine, 30 
mg histidine, 30 mg isoleucine, 80 mg leucine, 30 mg methionine, 40 mg 
phenylalanine, 80 mg proline, 50 mg serine, 30 mg threonine, 30 mg 
tyrosine and 40 mg valine were grinded in a mortar. 100 mg of this mixture 
was dissolved in 10 ml of sodium carbonate buffer (0.05M, pH 9.0). 
- 400 mg technical grade papain was dissolved in 100 ml O.IM 
sodium acetate buffer (pH 7.0). 
- 1.2N HCl 
- Ethyl acetate 
100 mg of defatted grain sample was added to 5ml of papain 
solution and incubated overnight at 65°C. After cooling to room 
temperature it was centrifuged and clear digest decanted. 0.5 ml carbonate 
buffer and 0.5 ml copper phosphate suspension was added to 1 ml digest 
taken in a centrifuge tube. The mixture was shaked for 5 min. in a vortex 
mix and centrifuged. One ml supernatant, 0.1 ml pyridine reagent was 
added, mixed well and shaked for 2 h and 5 ml of 1.2N HCl was added 
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and mixed. Then it was extracted three times with 5 ml ethyl acetate and 
discarded the ethyl acetate (top) layer. The absorbance of aqueous layer 
was read at 390 nm. 
A blank was made by going through the same procedure without 
the grain sample. A standard of lysine was prepared by dissolving 62.5 mg 
lysine monohydrochloride in 50 ml carbonate buffer (1 mg lysine/ml) and 
0.2, 0.4, 0.6, 0.8 and 1 ml was pipetted out and the volume was made up 
to I ml with carbonate buffer. 4 ml papain was added to each tube and 
mixed. One ml from each was pieptted out and 0.5 ml of amino acid 
mixture and 0.5 ml of copper phosphate suspension was added. The 
mixture was shaked for 5 min. in a vortex mix and centrifuged. To 1 ml 
supernatant, 0.1 ml pyridine reagent was added, mixed well and shaked 
for 2h and 5 ml of 1.2N HCl was added and mixed. Then it was extracted 
three times with 5 ml ethyl acetate and discarded the ethyl acetate layer. 
The absorbance of acqueous layer was read at 390 nm. The standard curve 
represents absorbance values for 40, 80, 120, 160 and 200 ng lysine. 
Calculation 
A standard curve was prepared from the readings of the standard 
lysine. The absorbance of the blank was subtracted from that of the sample 
and the lysine content in the aliquot was calculated from the graph. 
Lysine value from graph in ),ig x 0.16 
Lysine content of the sample = 
Percent N in the sample 
= g per 16 gN 
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Percentage increase/decrease over control in lysine contents were 
calculated. 
5. Percent infected leaf area 
Leaves of A. trilicina/H. oryzae infected plants were detached 
and placed on a sheet of white paper. A tracing paper was placed over the 
leaves and outline of entire leaf margin and infected portion of leaves were 
drawn with the help of a pencil. The total leaf area (cm^) and infected leaf 
area (cm^) were recorded with the help of graph paper. Later percentage 
infected leaf areas were calculated. Ten leaves of each infected plants were 
taken for the observations and mean of percentage infected leaf area was 
recorded. 
Statistical analyses 
All the data collected were analysed using multifactorial analysis 
of variance. Effects of cultivars, fly ash and fungus and also their 
interactions were studied on growth, yield, photo synthetic pigments, 
protein and lysine contents. Critical differences (C.D.) were calculated at 
P=0.05. Significance between treatments were denoted by different letters. 
Results 
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RESULTS 
Physico-chemical characteristics of fly ash and soil 
Analysis of fly ash has revealed the presence of 2.610% 
bicarbonate, 1.050% carbonate, 1.860% chloride, 9.740% sulphate, 
0.000% nitrogen, 0.092% phosphorus, 0.800% potassium, 1.050% calcium 
alongwith 74.50% porosity and 85.00% water holding capacity (Table 1). 
pH of fly ash was 8.9, conductivity 7.6 mmhos cm"' and cation exchange 
capacity (C.E.C.) 9.2 mEq ( lOOg)Howeve r , analysis of Aligarh soil 
showed 0.443% bicarbonate, 0.204% carbonate, 0.267% chloride, 3.200% 
sulphate, 0.150% nitrogen, 0.021% phosphorous, 0.190% potassium and 
0.160% calcium. Porosity of Aligarh soil was 43.40%, water holding 
capacity 39.20% alongwith 6.6 pH. Addition of 20, 40, 60 and 80% fly 
ash in soil resulted in 0.714-2.150% bicarbonate, 0.352-0.894% carbonate, 
0.405-1.320% chloride, 4.500-9.100% sulphate, 0.122-0.026% nitrogen, 
0.024-0.072% phosphorus, 0.220-0.650% potassium, 0.260-0.900% 
calcium. Similarly, porosity was 43.70-71.70, water holding capacity 
46.30-83.20 and pH 6.8-8.3 of fly ash amended soil (Table-1). 
Experiment - 1 : Effects of fly ash and Alternaria triticina on the growth, 
yield, photosynthetic pigments, protein and lysine contents of three 
cultivars of wheat. 
Plant growth 
Plant growth (shoot length, shoot fresh and diy weight, root 
length, root fresh and dry weight) was greater in Lok-1 followed by HD-
2329 and HD-2009 (Table-2). Inoculation of A. triticina caused a 
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significant reduction in plant growth over uninoculated control. 
Amendments of 20 and 40% fly ash with soil caused significant increases 
in plant growth than plants grown in without fly ash amended soil. Forty 
per cent fly ash with soil gave a greater increase in plant growth over 
plants grown in 20% fly ash with soil. Use of 60, 80 and 100% fly ash 
caused significant reductions in plant growth than plants grown in pure 
soil. Reduction in plant growth was greater in 100% fly ash grown plants 
followed by plants grown in 80 and 60% fly ash with soil (Table-2). 
Inoculation of A. triticina caused greater growth reduction in 
cultivar HD-2009 followed by HD-2329 and Lok-1 (Table-2). Lok-1 
suffered 12.9% reduction in shoot dry weight by the inoculation of A. 
trUicina (Fig. 1 A). However, reductions in shoot dry weight by A. triticina 
were 19.2 and 24.9% in HD-2329 and HD-2009 respectively. Greatest 
plant growth was obtained in Lok-1 when grown in soil mixed with 40% 
fly ash followed by same cultivar grown in 20% fly ash with soil or when 
HD-2329 was grown in soil with 40% fly ash. Least plant growth was 
noticed when HD-2009 was grown in 100% fly ash compared to other 
cultivars grown in 100% fly ash. Generally, 100% fly ash had greater 
adverse effect on growth of all the three cultivars than these culfivars were 
grown in any other fly ash - soil combination (Table-2). Inoculation of A. 
triticina caused 17.7% reduction in shoot dry weight in pure soil but 
reductions caused by triticina were 17.5, 18.3, 19.2, 19.5 and 21.9% in 
plants grown in 20, 40, 60, 80 and 100% fly ash respectively (Fig. IB). 
Greatest plant growth was obtained when Lok-1 was grown in 
40% fly ash with soil in the absence of A. triticina over any other 
Table 2. Effccts of fly ash and Alternaria triticina on the growth of three cult ivars of 
wheat . 
Culti\ ars/Treatmcnts 
1 
Shoot 
length 
(cm) 
Shoot 
fresh wt. 
(g) 
! Shoot 
dry wt. 
(g) 
Root 
length 
(cm) 
Root 
fresh wt. 
(g) 
Root 
dry wt. 
(g) 
A. Siiifjle factor 
Lok-1 70.3a 28.31a 9.99a 20.81a 7.42a 2.44a 
HD-2329 65.5b 27.08b 8.75b 19.90b 7.10b 2.29b 
HD-2()09 
! 
61.9c 26.08c 8.24c 19.17c 6.84c 2.12c 
' C.D. P-^().05 0.7 0.48 0.24 0.41 0.25 0.12 
I'ninoctilated 72.9a 29.16a 9.71a 21.43 a 7.65a 2.54a 
A Iriliciini 59.0b 25.15b 7.88b 18.49b 6.59b 2.02b 
C.D. P==0.05 1.1 0.69 0.34 0.59 0.36 0.18 
0% il\ ash 67.8c 27.81c 9.04c 20.44c 7.29c 2.35c 
20% 11> ash 71.3b 29.20b 9.52b 1 21.47b 7.67b 2.49b 
40% 11} ash 76.3a 31.24a 10.20a 22.97a 8.21a . 2.67a 
60% 11> ash 65.4d 26.96d 8.70d 19.81d 7.06d 2.24d 
80% tl> ash 60.2e 25.01e 8.04e 18.37e 6.55e 2.07e 
100% t1} ash 54.5f 22.74f 7.26f 16.70f 5.95f I.87f 
C.D. P=0.05 0.6 0.39 0.19 0.34 0.20 0.10 
B. 0 factors 
IJninoculated 75.3a 30.15a 10.04a 22.16a 7.91a 2.63a 
Lok-1 
A Irilicina 65.3d 26.47c 8.74c 19.46c 6.94bc 2.25bc 
Un inoculated 72.7b 29.09ab 9.68b 21.36ab 7.63a 2.54ab 
llD-2329 
A Iriliciiui 58.3e 25.08d 7.82d 18.43d 6.57cd 2.04cd 
Uninociilated 70.6c 28.25b 1 9.41b 20.77b 7.4 lab 2.46ab 
IlD-2009 
A.Irilicina 53.3f 23.92d 7.07e 17.58d 6.27d 1.73d 
C.D. P=0.05 1.9 1.19 0.59 1.02 0.62 0.31 
Conld . 
0% n\ ash 72 Ic 28 85dc 961d 21 20de 7 56de 2 51 bed 
20".. tl> ash 75 8b 30 33c 10 1 lb 22 3 1 be 7 96bc 2 65be 
40"0 n\ ash 80 8a 32 36a 10 79a 23 80a 8 50a 2 84a 
1 ok-1 
60°0 n\ ash 69 7d 28 08f 9 29e 20 64ef 7 36def 2 39def 
i 80« 0 il) ash 64 5f 26 20gh 8 67fg 19 25gh 6 86gh 2 22fghi 
I00"o 11} ash 59 Ih 24 03) 7 90h 17 67j 6 29i) 2 04i)k 
0°., 11} ash 67 3e 27 71f 8 97el 20 37f 7 27et 2 36defg 
1 20% tl\ ash 70 7d 29 l i d 9 47cd 21 4 l d 7 65cd 2 50bed 
40"0 Ih ash 75 8b 31 14b 10 13b 22 89b 8 18ab 2 68ab 
llD-232^) 
60'',, n\ ash 65 2f 26 89g 8 70tg 19 77g 7 04fg 2 23tgh 
80»on\ ash 59 9h 24 96i 8 00h 18 341 6 54hi 2 07hi) 
100".. fl\ ash 54 3] 22 70k 7 25i 16 63k 5 94)k 1 88kl 
0"o n \ ash 64 If 26 80g 8 55g 19 75g 7 04fg 2 20ghi 
20 ' 'of l \ ash 67 3e 28 16ef 8 99et 20 70ef 7 39det 2 31etg 
40" 0 n\ ash 72 5c 30 22c 9 68c 22 21c 7 93 be 2 49cde 
lID-2009 
60",. n \ ash 61 3g 25 92h 8 l l h 19 04h 6 79gh 2 lOhi) 
80»„il \ ash 56 2i 23 86| 7 451 17 54| 6 25i) 1 92)k 
100"otl\ ash 50 3k 21 501 6 65) 15 801 5 63k 1 711 
C D P=0 05 1 1 0 69 0 34 0 59 0 36 0 18 
0",. ilx ash 74 5c 29 80c 9 92c 21 90c 7 82bc 2 59bc 
20" 0 n\ ash 78 2b 31 31b 10 44b 23 02b 8 22b 2 74ab 
40",. Ilv ash 84 la 33 68a 11 23a 24 76a 8 85a 2 95a 
Uninoculated 
60" 0 tl\ ash 72 3d 28 92cd 9 63cd 21 25c 7 58cd 2 51bcd 
80",. n\ ash 66 9t 26 76ef 8 9 le t 19 67de 7 Olef 2 32def 
100",. 11> ash 61 3h 24 52h 8 16gh 17 99g 6 42gh 2 13tg 
0"„ n\ ash 61 2h 25 81tg 8 16gh 18 98ef 6 76efg 2 12fg 
20",. tl\ ash 64 3g 27 09e 8 61 fg 19 92d 7 1 Ide 2 24ef 
40"',, n \ ash 68 6e 28 80d 9 17de 21 17c 7 56cd 2 39cde 
-I // IIILind 
60",, fl\ ash 58 5i 25 01 gh 7 78h 18 38tg 6 55fgh 1 96gh 
80",. lis ash 53 5) 23 251 7 17i 17 08h 6 09h 1 82hi 
100",, tl\ ash 47 8k 20 96) 6 37| 15 411 5 491 1 62i 
C D P - 0 05 1 5 0 97 0 48 0 83 0 50 0 2 5 
Contd. 
C . T i l t ce factor s 
hilectcd 
leal diea 
( % ) 
()"„ ll\ ash 76 6ct lO 6Sdcl l0 2lLdLl 22 Mdcl S 04btdcl 2 67abcdcl -
20"0 ll\ ash 80 ^cd 32 22bu1 10 74.ilxd 23 69btd 8 46al-.cd 2 82abtd -
1 'ninoLulaled 
4l)"o n\ ash 
6(1" , ll\ ash 
86 6a 
74 7ltth 
34 67a 
29 87elgh 
1 1 ssa 
9 9sLldi 
2 s sOa 
21 9sclgh 
9 11 a 
7 Sltdtlgh 
3 Osa 
2 60bLdLlg 
-
SO',, Ih ash 69 6|k 27 S2i|kl 9 26hi|kl 20 44iikhii 7 29fghiik 2 41dcfghi 
1 ok-l 
100"n lis ash 64 3 111 11 2t 69 111 no 8 s6klniii 18 89iiopq 6 73i|khnnop 2 23lghiikl -
()"„ ll\ ash 67 7kl 27 06|klm 9 01iki 19 89klnin 7 09ghi|klni 2 3sclghi| 
1 20",, ll\ ash 
71 lhi| 28 4^hii 9 49lghi| 20 93ghi|kl 7 47elghi 2 49cd(.tgh Is 
1 / iliL mil 40" „ ll\ ash 
(iO"„ ll\ asli 
7^ llg 
64 Sniu 
30 06dgh 
26 lOlmii 
lOOSdLigh 
8 63klnin 
22 Kklg 
19 33miiop 
7 89cdetg 
6 90iiklmno 
2 63abcdcl 
2 18ghi|klm 
17 
20 
,S0"„ n\ ash >9 24 SSop 8 09nino i8 06pqi 6 44khiinopq 2 04i|klmn 23 
100",, ll\ ash ^4 Otu 22 38qrs 7 24pqi 16 4^stu s S6pqis 1 Sskhiin 26 
()', ll\ ash 74 )lgh 29 72i.tgh 9 89Ll<;hi 21 SsUghi 7 SlLdtlgh 2 ^9bulLlg 
2(l"„ ll\ ,ish 78 Ode 3 1 22idc l0 4nxdL 22 96cdt 8 2lbcdL 2 74abtdc 
40",, Ih ash 81 9.ib 13 s9ah 11 2()ab 24 69ab 8 83ab 2 9sab -
I hiiiiotiilalcd 60',, (1\ .ish 72 2hi| 28 87ghi 9 6lLli;hi| 21 22lghi|k 7 ^6Ltghi 2 slbulelgh 
80",1 llx ash 66 Slni 26 70kliii 8 88|klni 19 62hiino 6 99hi|khiin 2 32elghi| -
100",, ll\ ash 61 2opq 24 46op 8 141111)0 17 87pqis 6 40lninopq 2 I3hi|k!m -
111) 2M') 0"„ ll\ ash 60 u|i 2s 70nino 8 Osiiinop 1 S 9()iiopt| 6 73i|khiinop 2 14hi|khii 20 
20",, ll\ ash 6i siio 27 0!|kliii 8 s3kliiin 19 86klmii 7 lOghiiklni 2 27lghi|k 19 
40",, ll\ ash 67 7kl 28 70hii 9 07i|kl 21 lOlghiik 7 s4clghi 2 42dclahi 20 
1 lilt It ma 60",, ll\ asli s8 Vs 24 91 nop 7 SOnopq 18 32opqi 6 s3|kliniiopq 1 96|klmn 23 
SO",, ll\ ,ish T l ItLl 23 23pqi 7 I2qis 17 ()6ist 6 09opqr 1 821mno 26 
\ 
100",, ll\ ash 47 4\ 
1 
20 94sl 6 36s Is 39ii\ s 48is 1 63110 30 
0 „ ll\ ish 72 6ghi 29 OMghi 9 68U^hi| 21 36lghi| 7 6ldLlghi 2 s3bcdclgh -
20" „ IK ash 76 2tl 30 sOdg 10 Htdtla 22 43dU SOlbcdtl 2 67abtdcl -
I 'niniKiiialLd 
40',, ll\ ,ish 
60",, ll\ ,ish 
81 9bi. 
70 li|k 
32 7ShL 
28 ()2i|k 
I0 94abt 
9 i5ghi|k 
24 lOabL 
20 s9hi|khii 
8 61aht 
7 3sUghq 
2 87abc 
2 44cdtlghi 
,S0"„ Ih ash 64 snin 2s 78nino S sOkliiiii 18 9snop 6 76i|khiiiio 2 231ghi|kl -
nD-20(» 
100",, ll\ .ish s8 6qi 23 42pqi 7 79nopq I72I1SI 6 I 3iiopqi 2 03i|klnin -
(l'„ n\ .Ish 7st 24 69iiop 7 43opqi IS Ispqi 6 48|khiiiiopq I 87khiin 2s 
20',, ll\ .ish 2s 82111110 7 S2iiopi| 1 S 98nop 6 77i|khiiiio 1 96|klnin 26 
1 tliilicma 40',, ll\ ash 
60",, ll\ ash 
65 liiop 
•^2 6u 
27 66i|kl 
23 S2pq 
5 42hiiii 
6 93is 
20 33|khiin 
17 sOqisl 
7 26lghiikl 
6 24ninopqr 
2 12hi|klm 
1 76111110 
26 
29 
,S0"„ ll\ ash 47 9\ 21 9sis 6 31 ' 16 131LI ^ 74qrs 1 61 no 31 
1(10",, IK ash 42 ()« 19 S8t s Ml 14 39\ s 13s 1 40o 3 s 
( 1) I' ons 2 7 1 69 0 84 1 44 0 88 0 44 -
Dillcicnt letteis within columns and within one C D lange repiesent values that are significant at P=0 05 
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treatment (Table-2). However, least growth was noticed in HD-2009 when 
grown in 100% fly ash and inoculated with A. triticina. Plants infected 
with A. triticina showed characteristic leaf blight with bright yellow 
margin. HD-2009 exhibited greater infected leaf area caused by A. 
triticina followed by HD-2329 and Lok-1. All the cultivars showed greater 
infected leaf area in 100% fly ash grown plants than plants grown in pure 
soil or 20 and 40% fly ash amended soil (Table-2). 
Yield 
Yield (no. of spikes/plant, no. of grains/spikes, no. of grains/ 
plant, weight of 1000 grains) was greater in Lok-1 followed by HD-2329 
and HD-2009 (Table-3). Inoculation of A. triticina caused a significant 
yield reduction over uninoculated control. Amendments of 20 and 40% fly 
ash with soil caused significant increases in the yield than plants without 
fly ash. Forty per cent fly ash with soil caused a greater yield increase 
than plants grown in 20%) fly ash with soil. Amendments of 60, 80 and 
100%) fly ash caused significant reductions in yield over plants grown in 
pure soil. Reductions in yield was greater in 100%) fly ash grown plants 
followed by plants grown in 80 and 60% fly ash with soil (Table-3). 
Inoculation of A. triticina caused a greater yield reduction (based 
on the no. of grains/plant) of HD-2009 (31.4%) followed by HD-2329 
(23.5%) and Lok-1 (18.4%) (Fig. IC). Greatest yield was obtained in Lok-
1 when grown in soil mixed with 40% fly ash followed by same cultivar 
grown in 20% fly ash with soil or when HD-2329 was grown in soil with 
40%o fly ash (Table-2). Least yield was obtained when HD-2009 was 
grown in 100% fly ash compared to other cultivars grown in 100% fly ash. 
Table 3. Effects of fly ash and A. triticina on the yield of three cultivars of wheat. 
Cultivars/Treatments No. of 
spikes per 
plant 
No. of 
grains per 
spike 
No. of grains 
per plant 
Weight of 
1000 
grains(g) 
A. Single factor 
Lok-1 5.2a 40.8a 226a 57.9a 
IID-2329 4.6b 36.7b 195b 49.9b 
HD-2009 4.1c 34.7c 164c 44.4c 
C .D.P=0 .05 0.1 0.6 9 0.7 
Uninoculated 5.1a 41.4a 222a 54.0a 
A. Irilicina 4.1b 33.4b 168b 47.4b 
C.D. P = 0.05 0.2 0.9 13 1.1 
0% lly ash 5.1c 37.9c 211c 51.0bc 
20% fly ash 5.5b 41.9b 251b 51.5b 
40% lly ash 6.1a 46.2a 307a 52.4a 
60% fly ash 4.2d 35.8d 162d 50.6c 
80% fly ash 3.6e 32,9e 130e 49.9d 
100% fly ash 3.3f 29.6f 108f 48.9e 
C.D. P = 0.05 0.1 0.5 7 0.6 
B. Two factors 
Uninoculated 5.6a 44.1 a 249a 60.5a 
l.ok-1 
A. triticina 4.8b 37.4c 203bc 55.3b 
Uninoculated 5.1b 40.7b 221b 53.2c 
lID-2329 
A. triticina 4.1c 1 32.8d 169d 46.5d 
Uninoculated 4.8b 39.4b 194c 48.4d 
HD-2009 
A. triticina 3.5d 30.1c 133e 40.4e 
C.D. P = 0.05 0.4 1.5 22 1.9 
Contd.... 
0% fly ash 5.6c 40.3d 236e 58.0bc 
20% fly ash 6.1b 46.1b 278c 58.Sab 
40% fly ash 6.7a 49.6a 344a 59.2a 
Lok-1 60%) fly ash 4.8ef 39.2e 196gh 57.8bc 
80% fly ash 4.2g 35.9g 163i 57.3cd 
100% fly ash 3.8h 33.4i 138j 56.6d 
0% fly ash 5.Id 37.3f 208fg 50.3f 
20% fly ash 5.5c 40.7d 259d 50.7ef 
40% fly ash 6.2b 45.7b 322b 5].5e 
HI)-2329 60% fly ash 4.1g 34.9h 153i 49.9fg 
80% fly ash 3.51 32.8i 127j 48.8gh 
100% fly ash 3.2) 29.2k 103 k 48.0h 
0% fly ash 4.6f 36.1g 190h 44.9] 
20% fly ash 5.0de 38.9e 216f 45.3ij 
40% fly ash 5.6c 43.5c 256d 46.41 
HD-2009 60% fly ash 3.8h 33.5 i 137j 44.2jk 
80% fly ash 3.]jk 30.2j lOIk 43.5k 
100% fly ash 2.91 26.21 82 1 42.1 1 
C.D. P=0.05 0.2 0.9 13 1.1 
0% fly ash 5.6c 41.5c 23 5d 54.3ab 
20% fly ash 6.1b 46,1b 284b 54.8ab 
UninocuJatcd 40% fly ash 6.8a 51.2a 352a 55.5a 
60% fly ash 4.7de 39.6d 186e 53.8bc 
80% fly ash 4.0f 36.7e 149f 53.3bc 
100% fly ash 3.7f 33.0g 124gh 52.6c 
0% fly ash 4.6e 34.3f 187e 47.8def 
20% fly ash 5.0d 34.7e 219d 48.2de 
40% fly ash 5.5c 41.3c 262c 49.2d 
A.lrilicina 60% fly ash 3.7f 32.1g 139fg 47.5ef 
i 80% fly ash 3.1g 29.2h l l l h 46.4fg 
100% fly ash 2.8g 26.1 i 91 1 45.2g 
: C.D. P=0.05 0.3 1.2 18.5 1.5 
Contd. 
C. Three factors 
0% fly ash 6.0cd 43.0def 258cd 60.5a 
20% fly ash 6.6abc 49.4b 306 b 61.1a 
Un inoculated 40% tly ash 7.2a 53.6a 386a 61.9a 
60% fly ash 5.2efgh 42.4efg 215fg 60.4a 
80% fly ash 4.6hijk 39.2hij 180hiJ 60.0a 
i 100% fly ash 4.2jklm 36.6klm 153jkimn 59.4a 
Lok-1 0% tly ash 5.3efg 37.6jkl 215fg 55.6bc 
20% fly ash 5.7de 42.8defg 251cde 56.0bc 
40% tly ash 6.2bcd 45.6c 303b 56.6b 
.4. Iriliciiia 60% ny ash 4.4ijkl 36.01mn 178hij 55.3bcd 
80% tly ash 3.8lmnop 32.6opq 145klmno 54.6bcde 
I00%t1y ash 3.4opqr 30.2rs 124nop 53.8cdef 
0% fly ash 5.6def 41 .Otgh 229def 53.5cdef 
20% f1y ash 6. led 45.0cd 294b 54.0bcdef 
40% fly ash 6. Sab 50.6b 368a 54.7bcde 
Uninoculated 60% fly ash 4.6hijk 38.6ijk 177hijk 53.0def 
! 80% fly ash 3.91mno 36.5klm l441mno 52.5efg 
100% fly ash 3.6nopq 32.6opq 117opq 5].8fgh 
HD-2329 0% fly ash 4.6hijk 33.6op 187ghi 47.1jk 
20% fly ash S.Ofghi 36.4klm 224ef 47.5 ijk 
40% fly ash 5.6def 40.8fghi 276bc 48.3 ij 
A. Iriliciiici 1 60% fly ash 3.7mnopq 3 1.2qrs 129mnop 4639jkl 
1 80% fly ash 3.1qrs 29.2s 11Opqr 45.2klm 
: 100%flya.sh 2.8rst 25.8t 88 qrs 44.3 hn 
0% fly ash 5.3efg 40.6ghi 219fg 48.9iJ 
20% fly ash 5.7de 44.0cde 252cde 49.4hiJ 
Uninoculated 40% fly ash 6.4bc 49.6b 303b 50.0ghi 
60% fly ash 4.4ijkl 37.8Jkl ]66ijkl 48.2ij 
80% fly ash 3.6nopq 34.4mno 123nop 47.6ijk 
100% fly ash 3.4opqr ; 30.0rs 102pqr 46.7jkl 
HD-2009 0% fly ash 4.0klmno 31.7pqr 160ijlkm 40.9no 
20% (ly ash 4.3jklm 33.9nop 18lhiJ 41.2no 
40% fly ash 4.8ghiJ 37.5jkl 208fgh 42.9mn 
A. Iriliciiia 60% fly ash 3.2pqrs 29.2s 108pqr 40.3nop 
i 80% fly ash 2.6st 26.01 79 rs 39.5op 
! 100% fly ash 2.4t 22.4u 62 s 37.6p 
C.D. P=0.05 0.6 2 '' 32 2.7 
* Different letters within columns and within one CM), range represent values that are significant 
at P =-- 0.05 
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Generally, 100% fly ash had a greater adverse effect on y i ^ ^ ^ f all the 
three cultivars than any other fly ash - soil combination. Inoculation of A. 
triticina also had an adverse effect on yield of all the three cultivars in all 
fly ash - soil combinations (Table-3). Inoculation of A. triticina to plants 
grown in soil without fly ash caused about 20.4% reduction (based on the 
no. of grains/plant) but reduction in yield was increased to 26.6% in plants 
grown with 100% fly ash (Fig. 2A). 
Greatest yield was obtained when Lok-1 was grown without A. 
triticina in 40% fly ash with soil over any other treatment (Table-3). 
However, least yield was noticed on HD-2009 grown in 100% fly ash and 
inoculated with/I. triticina. Inoculation of A. triticina cmsed 16.6%) yield 
reduction (based on the no. of grains/plant) in Lok-1 grown with pure soil 
but the reduction in the same cultivar was increased to 18.9% in 100%) fly 
ash. However, HD-2329 suffered 18.3% reduction in pure soil by A. 
triticina while this reduction was increased to 24.7% in 100% fly ash. 
Similarly, in HD-2009 reduction caused by A. triticina was 26.9% and the 
reduction was increased to 39.2% in 100% fly ash grown plants (Fig. 2B). 
Photosynthetic pigments 
Chlorophyll a and b, total chlorophyll and carotenoid, were 
greater in Lok-1 followed by HD-2329 and HD-2009 (Table-4). 
Inoculation of A. triticina caused significant reductions in chlorophyll a 
and b, total chlorophyll and carotenoid contents in comparison to 
uninoculated control. Application of 20 and 40% fly ash with soil caused 
significant increases in chlorophyll a and b, total chlorophyll and 
carotenoid contents, maximum being in plants grown in 40%) fly ash 
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Fig 2 A - Effects of A. trWcina and flv ash on the no. of grains / plant of wheal. 
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Fig. 2 B - Effects of A. thticina and fly ash on the no. grains / 
plant of \\heat. 
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Fig. 2 C - Effect of A.triticina on total chlorophyll contents of 
wheat. 
Table 4. Effects of fly ash and A. triticina on the photosynthetic pigments of 
three cultivars of wheat. 
Cultivars/Treatiiients Chlorophyll 
a (nig/g) 
Chlorophyll 
b (mg/g) 
Total 
Chlorophyll 
(mg/g) 
Carotenoid 
(mg/g) 
A. Single factor 
Lok-] 0,972a 0.828a 1.800a 0.0047a 
HD-2329 0.936b 0.780b 1.716b 0.0045b 
HD-20()9 0.856c 0.703c 1.554c 0.0040c 
C.D. P=0.05 0.013 0.012 0.016 0.0001 
UninocLilated 1.028a 0.858a 1.882a 0.0049a 
A. Irilicina 0.815b 0.683b 1 1.498b 0.0039b 
C.D. P = 0.05 0.019 0.017 0.023 0.0001 
0% lly ash 0.910c 0.767c 1.677c 0.0044c 
20% lly ash 0.975b 0.825b 1.788b 0.0047b 
40% lly ash 1.061a 0.902a 1.964a 0.0050a 
60% tly ash 0.901c 0.745d 1.647d 0.0043d 
80% fly ash 0.860d 0.7 lOe 1.570e 0.0041 e 
100% tly asli 0.821e 0.673f 1.494f 0.0040f 
C.D. P = 0.05 0.011 0.009 0.013 0.00007 
B. Two factors 
UninocLilated 1.066a 0.907a 1.973a 0.0050a 
Lok-1 
A. triticina 0.876c 0.749d 1.627d 0.0043c 
UninocLilated 1.043a 0.863b 1.906b 0.0049a 
IID-2329 
A. triticina 0.829d 0.697e ].527e 0.0040d 
IJninoculated 0.975b 0.805c 1.767c 0.0046b 
IlD-2009 
A. triticina 0.738e 0.602f 1.340f 0.0035e 
C.D. P = 0.05 0.033 
1 
0.029 0.040 0.0002 
Contd.... 
O'/o fly ash 0.958e 0.823 d 1.781e 0.0047c 
20% fly ash 1.024c 0.878c 1.902c 0.0050b 
40% fly ash 1.120a 0.962a 2.082a 0.0053a 
' Lok-1 60% fly ash 0.947e 0.799e 1.747f 0.0045de 
80% fly ash 0.908f 0.770fg 1.678h 0.0044ef 
i 100% fly ash 0.877g 0.735h 1.612) 0.0043fg 
0% fly ash 0.924f 0.778f 1.702g 0.0045de 
20% fly ash 0.982f 0.828d 1.811d 0.0047c 
40% flv ash 1.074b 0.914b 1.988b 0.0050b 
HD-2329 60% fly ash 0.918f 0.758g 1.676h 0.0044ef 
80% fly ash 0.877g 0.722h 1.600J 0.0043fg 
100% fly ash 0.839h 0.682J 1.5221 0.0041 hi 
0% fly ash 0.848h 0.7021 1.550k 0.0042gh 
20% ny ash 0.921f 0.770f^ 1.6511 0.0044ef 
40% fly ash 0.990d 0.83 Id 1.821d 0.0046cd 
HD-2009 60% fly ash 0.839h 0.680j 1.5191 0.0039ij 
80% fly ash 0.795i 0.638k 1.434m 0.003 8j 
100%) fly ash 0.747) 0.6011 1.348n 0.0036k 
C.D. P=0.05 0.019 0.017 0.023 0.0001 
1 0% fly ash 1.005c 0.853c 1.858c 0.0048c 
20% fly ash 1.088b 0.925b 1.986b 0.0051b 
IJninoculated 40% fly ash 1.198a 1.020a 2.218a 0.0055a 
60%) fly ash 0.993c 0.813d 1.806d 0.0047cd 
80% fly ash 0.956d 0.783e 1.739e 0.0046de 
100% fly ash 0.928e 0.7561" 1.684f 0.0045ef 
0% fly ash 0.815g 0.682h 1.497h 0.0040h 
1 
20% fly ash 0.863f 0.726O 1.590g 0.0043g 
40% fly ash 0.925e 0.784c 1.709ef 0.0044fg 
A.lrilicina , 60% fly ash 0.810g 0.678h 1.488h 0.00381 
80% fly ash 0.764h 0.6371 1.4021 0.00371 
100% fly ash 0.7131 0.590J 1.304J 0.0035J 
C.D. P=0.05 0.027 0.024 0.032 0.0001 
Contd. 
C. Three factors 
! 0% fly ash 1.035de 0.896cde 1.931e 0.0050cd 
20% fly ash 1.113b 0.958b 2.071c 0.0053b 
Ihiinoculated 40% fly ash 1.246a 1.070a 2.316a 0.0058a 
1 i 60% fly ash 1.032de i 0.864def 1.896ef 0.0049de 
80% fly ash 0.997efgh 0.840fgh 1.837gh 0.0048def 
Lok-1 100% flv ash 0.976fghij 0.814ghi 1.790hi 0.0047efg 
0% fly ash 0.8811m 0.7501m 1.6311 0.0044hiJ 
1 20% fly ash 0.935Jk 0.799hijk 1.734ijk 0.0047efg 
j 40% fly ash 0.995efghij 0.854efg 1.849fg 0.0049de 
A. Irilicina 60% fly ash 0.8631mno 0.73 5 mno 1.5981mn 0.0042jkl 
80% fly ash 0.819opqr 0.700no 1.5190 0.0041klm 
100% fly ash 0.778rst 0.657pq 1.435p 0.0039mn 
0% fly ash 1.021def 0.862def 1.883efg 0.0049de 
20% fly ash 1.092bc 0.920bc 2.012d 0.0052bc 
Uninoculated 40% fly ash 1.213a 1.032a 2.245b 0.0056a 
60% fly ash 1.01 lefg 0.818ghi ].829gh 0.0048def 
80% fly ash 0.973ghii 0.788ijkl 1.761ij 0.0047efg 
100% fly ash 0.948iJ 0.760jklm 1.708jk 0.0046fgh 
HD-2329 0% fly ash 0.827nop 0.694op 1.5210 0.004 Iklm 
20% fly ash 0.9731mn 0.73 7mn 1.6101m 0.0043ijk 
40% fly ash 0.936)k 0.796hijk 1.732jk 0.0045ghi 
A. Irilicina 60% fly ash 0.826opq 0.698nop 1.5240 0.00401m 
1 80% fly ash 0.782qrs 0.657pq 1.439p 0.0039mn 
100% fly ash 0.73 Itu 0.605r 1.336q 0.0037n 
0% fly ash 0.959hij 0.802hij 1.761 ij 0.0047efg 
20% fly ash 1.059cd 0.897cd 1.876efg 0.0049de 
Uninoculated ! 40% fly ash 1.135b 0.960b 2.095c 0.0053b 
60% fly ash 1.937Jk 0.758khn 1.695k 0.0045ghi 
80% fly ash 0.899kl 0.721 mno 1.6201 0.0044hij 
100% fly ash 0.8621mno 0.694op 1.556mno 0.0043ijk 
HD-2009 0% fly ash 0.737stu ! 0.602r 1.339q 0.0037n 
20% fly ash 0.783pqrs ! 0.644qr 1.427p 0.0039mn 
40% fly ash 0.845mno 0.702no 1.547no 0.0039mn 
A. Irilicina 60% fly ash 0.741st 1 0.602r 1.343q 0 . 0 0 3 4 O 
80% fly ash 0.692U 0.556s 1.248r 0.0032O 
100% fly ash 0.632V 0.509t 1.141s 0.0029p 
C.D. P=0.05 0.047 0.042 0.056 0.0002 
Different letters within columns and within one C.D. range represent values that are 
significant at P = 0.05 
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amended soil. Sixty, 80 and 100% fly ash caused reductions in 
photosynthetic pigments but the reductions were higher in plants grown 
with 100% fly ash (Table-4). 
Inoculation of triticina caused reductions in chlorophyll a and 
b, total chlorophyll and carotenoid contents of all the three cultivars 
(Table-4). Lok-1 suffered 17.5 and 14.0% reductions in total chlorophyll 
and carotenoid pigments by the parasitism of A. triticina. In HD-2329 
these reductions were 19.9 and 18.4%) respectively, while in HD-2009 the 
reductions caused by A. triticina were 24.2 and 23.9% respectively (Figs. 
2C & 3A). Photosynthetic pigments were greater in Lok-1 when grown in 
40% fly ash amended soil and least in HD-2009 grown in 100% fly ash. 
Inoculation of A. triticina to plants grown in soil without fly ash caused 
18.9, 20.0 and 19.4% reductions in chlorophyll a and b and total 
chlorophyll contents respectively. Reductions caused by A. triticina were 
increased to 23.2, 22.0 and 22.6% in chlorophyll a and b and total 
chlorophyll respectively when plants were grown in 100% fly ash 
(Fig. 3B). 
Greater chlorophyll a and b, total chlorophyll and carotenoid 
contents were found in Lok-1 when grown in 40% fly ash amended soil 
(Table-4). However, least chlorophyll a and b, total chlorophyll and 
carotenoid contents were observed in HD-2009 when grown in 100% fly 
ash inoculated with A. triticina (Table-4). 
Protein and lysine contents 
Protein (soluble, insoluble and total) and lysine contents, were 
greater in Lok-1 followed by HD-2329 and HD-2009 (Table-5). 
g 
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Fig 3 A - Effect of A. iriticina on carotenoid contents of wheat. 
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Fig 3 B - Effects of A.triticina and fly ash on chlorophyll contents of wheat. 
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Fig 3 C - Effect of A.triticina on total protein contents of wheat. 
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Inoculation of A. triticina caused significant reductions in protein and 
lysine contents over uninoculated control. Applications of 20 and 40% fly 
ash with soil caused significant increases in protein and lysine contents, 
maximum being in plants grown in 40% fly ash amended soil. Sixty, 80 
and 100% fly ash caused reductions in protein and lysine contents over 
plants grown in pure soil but reductions were higher in plants grown with 
100% fly ash (Table-5). 
Inoculation of J . triticina caused reductions in protein and lysine 
contents in all the three cultivars (Table 5). Lok-1 suffered 15.4 and 14.7% 
reductions in total protein and lysine contents by A. triticina. These 
reductions in HD-2329 were 21.0 and 22.5% while HD-2009 suffered 28.9 
and 31.0% reductions in total protein and lysine contents by A. triticina 
(Figs. 3C & 4A). Protein and lysine contents were greater in Lok-1 grown 
with 40% fly ash amended soil and least in HD-2009 grown with 100% fly 
ash. Inoculation of .4. triticina caused 18.4 and 18.8% reductions in total 
protein and lysine contents in plants grown in soil without fly ash. These 
reductions were 24.6 and 30.8% respectively in plants grown in 100% fly 
ash and inoculated with A. triticina (Figs. 4B & C). 
Greater protein and lysine contents were noticed in Lok-1 grown 
in 40% fly ash amended soil. However, least protein and lysine contents 
were observed in HD-2009 inoculated withy4. triticina grown in 100% fly 
ash (Table 5). 
Experiment-2 - Effects of foliar dusting of fly ash and A. triticina on the 
growth, yield, photosynthetic pigments, protein and lysine contents of 
three cultivars of wheat. 
Table 5. Effects of fly ash and A. Irilicina on the protein and lysine content of 
the grains of three cultivars of wheat. 
Cultivars/Treatments Soluble Insoluble Total Lysine 
Protein Protein Protein 
(%) (%) (%) (%) 
A. Single factor 
Lok-1 5.7a 7.4a 13.2a 3.1a 
HD-2329 5.3b 7.0b 12.3b 2.7b 
HD-2009 4.9c 6.6c 11.5c 2.5c 
C.D. P=0.05 0.1 0.2 0.4 0.1 
Uninoculated 6.1a 7.7a 13.9a 3.1a 
A. Irilicina 4.5b 6.3 b 10.9b 2.4b 
C.D. P = 0.05 0.2 0.2 0.5 0.1 
0% lly ash 5.6c ' 7.2c 12.8c 2.9c 
20% lly ash 5.9b 7.6b 13.5b 3.1b 
40% tly ash 6.5a 8.3a 14.8a 3.3a 
60%) ily ash 5.Id 6.9d 12.Id 2.7d 
80% fly ash 4.6e 6.4e 11.Oe 2.4e 
100% tly ash 4.1f 5.8f lO.Of 2.2f 
C.I). P = 0.05 0.1 0.1 0.3 0.1 
B. Two factors 
Uninoculated 6.3a 8.0a 14.3a 3.4a 
Lok-1 
A. Iriticina 5.1b 7.0b 12.1b 2.9b 
1 Uninoculated 6.0a 7.7a 13.8a 3. lab 
IID-2329 
A. Irilicina 4.5c 6.3c 10.9c 2.4c 
Uninoculated 5.9a 7.6a 13.5a 2.9b 
HD-2009 
A. Irilicina 4.0d 5.6d 9.6d 2.0d 
C.D. P - 0.05 0.4 0.4 1.0 0.3 
Contd. 
0% fly ash 5.9d 7.6d 13.5d 3.2d 
20% fly ash 6.3bc 8.0c 14.3bc 3.4b 
40% fly ash 6.9a 8.8a 15.7a 3.7a 
l.ok-1 60% fly ash 5.3fg 7.3e 12.9e 3.1de 
80% fly ash 5.2g 6.8g 12.0f 2.8gh 
100%. fly ash 4.5h 6.4h 10.9g 2.61 
0% fly ash 5.6e 7.1ef 12.8e 2.9fg 
20% fly ash 5.9d 7.6d 13.5d 3.1de 
40% fly ash 6.5b 8.3b 14.8b 3.3bc 
HD-2329 60% fly ash 5.1g 6.9fg 12.0f 2.7hi 
80% fly ash 4.6h 6.4h 11.Og 2.4) 
100% fly ash 4.1i 5.8i lO.Oh 2.1k 
0% fly ash 5.3fg 6.8g 12.If 2.7hi 
20% fly ash 5.5ef 7.2e 12.7e 2.8gh 
40% fly ash 6.2c 7.8cd 14.0cd 3.0ef 
IiD-2009 60%, fly ash 4.7h 6.5h 11.3g 2.4j 
80% fly ash 4.2i 5.9i lO.lh 2.1k 
100%; fly ash 3.7j 5.4i 9.11 1.91 
C.D. P 0.05 0.2 0.2 0.5 0.1 
0% fly ash 6.3c 7.8c 14.1c 3.2bc 
20% fly ash 6.7b 8.4b 15.1b 3.4b 
UninocLilated 40% fly ash 7.6a 9.3a 16.9a 3.7a 
60% fly ash 5.8d 7.5cd 13.3cd 3.led 
80% fly ash 5.4ef 7.0ef 12.4ef 2.9de 
100% fly ash 4.9g 6.5gh 11.4gh 2.6fg 
0%. fly ash 4.9g 6.6fgh 11.5gh 2.6fg 
20% fly ash s . i fg 6.8fc 11.9fg 2.8ef 
40% fly ash 5.5de 7.3de 12.8de 2.9de 
A.trilicinu 60% fly ash 4.5h 6.3h 10.8h 2.4g 
80%, fly ash 3.9i 5.7i 9.7! 2.0h 
100%, fly ash 3.4) 5.2i 8.6i ].8h 
C.D. P=0.05 0.3 0.4 0.8 0.2 
Contd. 
C. Three factors 
0% fly asli 6.5cde 7.9cdefg 14.4def 3.4bcd 
20% fly ash 7.0bc 8.5bc 15.5bcd 3.7ab 
Uninoculaled 40% fly ash 7.9a 9.6a 17.5a 4.1a 
60% fly ash 6.lefg 7.7efgh 13.8efgh 3.3bcde 
80% fly asli 5.7ghij 7.3ghij 13.0fghij 3. Icdefg 
Lok-1 100% fly ash S.lklmno 6.9ijkl 12.0ijklmn 2.9efghi 
0% fly ash 5.4ijkl 7.3ghij 12.7ghijkl 3.0defgh 
' 20% fly ash 5.6ghijk 7.5fghi n . l f g h i 3.2cdef 
40% fly ash 6.0efgh 8.0cdef M.Oefg 3.4bcd 
A. Iriticina 60% fly ash 5.2jklmn 6,9ijkl 12.1 ijklmn 2.9efghi 
80% fly ash 4.7nop 6.4liiinop I 1.1 mnopq 2.6hijk 
100% fly ash 4.0qr 5.9opq 9.9pqrs 2.3kl 
0% fly ash 6.3def 7.8defg 1 ^ 14.1defg 3.2cdef 
20% fly ash 6.7cd 8.4bcd IS.Icde 3.4bcd 
UninocLilated 40% fly ash 7.5ab 9.4a I6.9ab 3.7ab 
60% fly ash 5.8fghi 7,5fghi 13.3fghi 3. Icdefg 
80% fly ash S.jijklm 7.1hijk I2,4hijklm 2.9efghi 
100% fly ash 4.8mnop 6.5klmno 1 1.3! mnop 2.6hijk 
HD-2329 0% fly asli 5.0imnop 6.5klmno 1 1.5klmno 2.6hijk 
20% fly ash S.lklmno 6.8Jklm 1 1.9ijkimn 2.8fghij 
40% fly ash 5.5hijkl 7.3ghij 12.8ghijk 3.0defgh 
A. Iriliciiici 60% fly ash 4.5pq 6.31mnopq lO.Snopqr 2.4jkl 
80% fly ash 3.9r 5.8pqr 9.7qr.st 2.01m 
1 100% fly ash 3.5rs 5.2rs 8.7stu 1.7mn 
0% fly ash 6. lefg 7.8defg 13.9efg 3. Icdefg 
20% fly ash 6.5cde 8.3cde 14.8de 3.3bcde 
40% fly ash 7.4ab 9.0ab 16.4abc 3.5bc 
IJninocLilatecl 60% fly ash 5.6ghijk 7.4fghij 13.0fghij 2.9efghi 
80% fly ash 5.2jklmn 6.8iklm 12.0ijklmn 2.7ghijk 
j 100% fly ash 4.7nop 6.2niiiopq 10.9nopqr 2.4jkl 
HD-2009 0% fly ash 4.5pq 5.9opq 10.4opqr 2.3kl 
20% fly ash 4.6op 6,1nopq 10.7nopqr 2.4Jkl 
1 40% fly ash 5.01 mnop 6.6klmn 1 1.6Jklmno 2.5ijk 
.1. Iriliciiki 60% fly ash 3.9r i 5.7qr 9.6rst 2.01m 
80% fly ash 3.3st 5.0s 8.3tu 1.6mn 
100% fly ash 2.8t 4.6s 7.4u 1.4n 
C.D. P=0.05 0.5 0.6 1.4 0.4 
* Different letters within columns and within one C.D. range represent values that are 
siunificant at P ^ 0.05 
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Fig. 4 A - Effect oiA.triticina on h sine contents of wheat. 
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Fig 4 C - Effects oiA.tritidna and fly ash on lysine contents of wheat. 
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Plant growth 
Plant growth (shoot length, shoot fresh and dry weight, root 
length, root fresh and dry weight) was greater in Lok-1 followed by HD-
2329 and HD-2009 (Table-6). Inoculation of A. triticina caused a 
significant reduction in plant growth over uninoculated control. Dusting of 
2.5 and 5.0 g fly ash day 'planf ' caused a significant increase in plant 
growth, maximum being at 5.0 g fly ash dusting. However, 7.5 g dusting 
day"' plant"' resulted in a significant reduction in plant growth over without 
fly ash dusted plants except in root diy weight (Table-6). 
Inoculation of A. triticina caused a significant reduction in the 
growth of all the three cultivars over their respective uninoculated controls 
(Table-6). HD-2009 suffered maximum reduction (24.0%) in shoot dry 
weight by A. triticina followed by HD-2329 (19.1%) and Lok-1 (12.8%) 
(Fig. 5A). Dusting of 5.0 g fly ash day"'plant"'^ was better for the growth 
of all the three cultivars followed by 2.5 g fly ash dusting. Inoculation of 
A. triticina caused 18.6% reduction in shoot dry weight of plants undusted 
with fly ash. The reductions caused by A. triticina were increased to 19.5 
and 21.5% in 2.5 and 5.0g fly ash dusted plants respectively. However, 
reduction caused by A. triticina was reduced to 13.9% with 7.5 g fly ash 
dusted.plants (Fig. 5B). 
Lok-1 showed best growth when dusted with 5.0 g fly ash 
without A. triticina followed by HD-2329 dusted with same amount of fly 
ash (Table-6). However, least growth was noticed in HD-2009 when 
inoculated with A. triticina. Plants infected with A. triticina showed 
characteristic leaf blight with bright yellow margin. HD-2009 exhibited 
Table 6. Effects of fol iar dusting of fly ash and Alternaria tritidna on the growth of 
three cultivars of wheat . 
Cultivars/Treatments Shoot 
length 
(cm) 
Shoot 
fresh wt. 
(g) 
Shoot 
dry wt. 
(s) 
Root 
Length 
(cm) 
Root 
fresh wt. 
(g) 
Root 
dry wt. 
(g) 
A. Single factor 
Lok-1 73.7a 29.50a 9.83a 21.69a 7.74a 2.57a 
HD-2329 69.3b 28.52b 9.20b 20.97b 7.48b 2.49ab 
! HD-2009 65.6c 27.68c 8.72c 20.34c 7.26c 2.42b 
C D. P=0.05 0.6 0.34 0.16 0.25 0.16 0.11 
Uninoculated 76.5a 30.60a 10.19a 22,50a 8.03a 2.67a 
A. Irilicina 62.6b 26.53b 8.31b 19,50b 6.96b 2.32b 
C D. P=().05 0.7 0.40 0.19 0.29 0.19 0.13 
0.0 g fl} ash 67.9c 27,90c 9.02c 20.50c 7.31c 2.42c 
2.5 g fl}' ash 70.3b 28.87b 9.35b 21.22b 7.58b 2.53b 
5.0 g £!>• ash 73.6a 30.21a 9.81a 22.21a 7.93a 2.65a 
7.5 g fl\ ash 66.4d 27.30d 8.82d 20.06d 7.15d 2.37c 
C D. P=0.05 0.5 0.28 0.13 0.21 0.13 0.09 
B. Two factors 
Uninoculated 78.7a 31.51a 10.50a 23.16a 8.26a 2.74a 
Lok-1 
A. triTicina 68.7d 27.49d 9.16c 20.21d 7.21c 2.40bc 
Uninoculated 76.3b 30.54b 10.17ab 22.46b S.Olab 2.67a 
HD-2329 
A.trilicina 62.2e 26.5 le 8.23d 19.48e 6.95cd 2.31c 
Uninoculated 74.4c 29.76c 9.91b 21.87c 7.80b 2.60ab 
HD-2009 
A. IrUicina 56.9f 25.60f 7.53e 18.81f 6.72d 2.24c 
C.D. P=0.05 1.3 0.69 0.33 0.51 0.33 0.23 
Contd. 
0.0 g fly ash 71.9d 28.78d 9.58cd 21.14de 7,54cde 2.50bcdef 
2.5 g flv ash 74.4b 29.79b 9.93b 21.91b 7,82b 2,60abc 
Lok-1 
5.0 g fly ash 77.9a 31.18a 10.40a 22.93a 8,19a 2,73a 
7.5 g fly ash 70.7e 28.28e 9.42de 20.78ef 7,41de 2.45cdcfg 
0.0 g fly ash 67.6g 27.86e 8.97f 20.48f 7.31efg 2,42defg 
2.5 g flv ash 70.0ef 28.83cd 9.3 le 21.20cd 7,57cd 2.53bcdc 
HD-2329 
5.0 g fly ash 73.4c 30.17b 9.76bc 22.19b 7.92b 2.65ab 
7.5 g fly ash 66. Ih 27.24f 8.76f 20,02g 7.13fgh 2.37efg 
0.0 g fly ash 64. If 27.071 8.52g 19.89g 7.09gh 2,35fg 
HD-2009 
2.5 g fl\' ash 66.4h 27.98e 8.83f 20.56f 7.34def 2,45cdefg 
5.0 g fly ash 69.7f 29.29c 9.27e 21.53c 7.70bc 2,58abcd 
7,5 g fl\- ash 62.5j 26.38g 8.28h 19.39h 6.91h 2.30g 
C.D. P=0.()5 0.9 0.49 0.23 0.36 0.23 0,16 
0.0 g fly ash 74.7c 29.88c 9.95c 21.96c 7,83c 2.59bc 
2.5 g fly ash 77.7b 31.09b 10.36b 22.86b 8,16b 2.72ab 
UninocLilated 
5.0 g fly ash 82.4a 32.98a 10.99a 24.25a 8.66a 2,89a 
7.5 g fly ash 71.2d 28.47d 9.48d 20.93d 7.46d 2,47cd 
0.0 g fl>- ash 61.Ig 25.92g 8.10f 19.05g 6,79f 2.25e 
2.5 g fly ash 62.9f 26.64f 8.34f 19.58f 6,99ef 2.33dc 
A.triticina 
5.0 g fly ash 64.9e 27.45e 8.63e 20.18e 7,21de 2.41cdc 
7.5 g fly ash 61.7g 26.12fg 8,16f 19.20fg 6.84f 2.27e 
C.D. P=0.05 1.1 0.57 0.27 0,42 0.27 0.19 
Contd.... 
C. Three factors 
1 0.0 g fly ash 76.8de 30.73de 10.23cde 22.57de 8.05cdef 2.67abcdef -
2.5 g n>' ash 79.9c 31.97bc 10.66bc 23.52bc 8.40bcd 2.79abcd _ 
Uninoculated 
5.0 g fly ash 84.8a 33.95a 11.31a 24.95a 8.91a 2.97a -
Lok-1 
7.5 g fly ash 73.6g 29.42fg 9.80efgh 21.621^h 7.71elgh 2.55cdefghi -
0.0 g fly ash 67.1k 26.83klm 8.93jk 19.711mn 7.03jklmn 2.33ghijk 15 
A.lrlliciiia 
2.5 g fly ash 69.0jk 27.61ijk 9.2()ij 20.30jkl 7.25hijkl 2.42efghijk 18 
5.0 g fly ash 71.lhi 28.41hi 9.49ghi 20.91hij 7.47ghij 2.49cdefghijk 20 
7.5 g fly ash 67.9jk 27.14kl 9.04ii 19.951m 7.12jklm 2.36fghijk 16 
0.0 g fly ash 74.5tg 29.80efg 9.92defg 21.92erg 7.82elg 2.59bcdefgh -
2.5 g fly ash 77.6d 31.05cd 10.35cd 22.84cd 8.16cde 2.72abcde _ 
Uninoculated 
5.0 g fly ash 82.3b 32.94b 10.98ab 24.24ab 8.65ab 2.89ab -
7.5 g fl)- ash 71.0i 28.38hij 9.45hi 20.87ijk 7.44ghijk 2.48defghijk _ 
ro-2329 
0.0 g fl\' ash 60.8mn 25.92nmop 8.03mii 19.05nopq 6.801miio 2.25ijk 20 
j 
2.5 g fly ash 62.5m 26.621mn 8.27hn 19.56mno 6.98khnno 2.34fghijk 21 
A. triticina 
5.0 g fly ash 64.51 27.41jkl 8.55kl 20.14klm 7.20ijklm 2.41elghijk 24 
7.5 g fly ash 61.3m 26.10mno 8.08m 19.18nop 6.831mno 2.271iijk 21 
0.0 g fl\' ash 72.8gh 29.13gh 9.70fgh 21.39ghi 7.63fghi 2.53cdefghij -
2.5 g fly ash 75.6ef 30.26def 10.09def 22.24def 7.94def 2.66abcdefg _ 
Unmoculatcd 
5.0 g fly ash 80.1c 32.05b 10.68bc 23.56bc 8.42bc 2.82abc -
7.5 g fly ash 69.1ij 27.62ijk 9.20ij 20.31.jkl 7.24ijkl 2.40efghijk _ 
m)-20()9 
(.).0 g flv ash 55.5o 25.02p 7.34o 18.39q 6.56o 2.18k 25 
2.5 g fl> ash 57.20 25.71nop 7.57no 18.89opq 6.75mno 2.25ijk 27 
A. triticina 
5.0 g fly ash 59.3n 26.541mn 7.86nm 19.51nmo 6.98klmno 2.35fghijk 30 
• 7.5 g fl) ash 55.90 25. Mop 7.370 18.48pq 6.59no 2.20jk 26 
C.D. P = 0.05 
1 
1.9 0.98 0.46 0.73 0.46 0.33 
Infected 
leaf area 
(%) 
* Different letters within columns and within one C.D. range represents values that are significant 
at P=0.05 
-24.0% 
• Control 
UA.triticina 
Lok-1 HD-2329 HD-2()09 
Cultivars 
Fig. 5 A - Effect of A.triticina on slioot dry weight of wheat. 
-21.5% 
-13.9% 
• Control 
UA.triticina 
O.Og 7.5g 2.5g 5.0g 
Fly ash concentrations 
Fig. 5 B - Effects of A. triticim and foliar dusting of fly ash on 
shoot diy weight of wheat. 
-19.2% 
Lok-1 
• Control 
UA.triticina 
HD-2009 HD-2329 
Cultivars 
Fig. 5 C - Effect of A. triticina on the no. of grains / plant of wheat. 
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greater infected leaf area caused by A. trilicina followed by HD-2329 and 
Lok-1. Per cent infected leaf area in all the three cultivars were found to 
be increased when plants were dusted with 2.5 and 5.0g fly ash day ' 
plant"'. However, dusting of plants with 7.5 g fly ash caused reduction in 
the infected leaf area than plants dusted with 5.g fly ash (Table-6). 
Yield 
Yields (no. of spikes/plant, no. of grains/spike, no. of grains/plant 
and weight of 1000 grains) were greater in Lok-1 followed by HD-2329 
and HD-2009 (Table-7). Inoculation of A. triticina caused a significant 
reduction in yield over uninoculated plants. Dusting of 2.5 g and 5.0 g fly 
ash day 'plant"' caused significant increases in yield over undusted plants. 
Maximum yield was observed when plants were dusted with 5.0 g fly ash 
except in weight of grains. However, dusting of 7.5 g fly ash caused a 
significant reduction in yield over without fly ash dusted plants except in 
weight of grains (Table-7). 
Inoculation of A. triticina caused significant reductions in yield 
of all the three cultivars over their respective uninoculated controls 
(Table- 7). Inoculation of A. triticina caused 19.2, 22.4 and 25.6% 
reductions (no. of grains/plant) in Lok-1, HD-2329 and HD-2009 
respectively (Fig. 5C). Dusting of 5.0g fly ash day'plant"' caused greater 
yield increase in all the three cultivars except in weight of grains than 
dusting with 2.5 g fly ash. Inoculation of A. triticina caused 17.4% 
reduction in yield of plants without fly ash dusting (Fig. 6A). The 
reductions caused by A. trilicina were increased to 21.3 and 26.9% when 
plants were dusted with 2.5 and 5.0 g fly ash respectively. However, 
Table 7. Effects of foliar dusting of fly ash and A. triticina on the yield of three 
cultivars of wheat. 
Cultivars/Treatments No. of 
spikes per 
plant 
No. of 
grains per 
spike 
No. of grains 
per plant 
Weight of 
1000 
grains (g) 
A. Single factor 
Lok-1 5.6a 42.0a 253a 59.8a 
HD-2329 4.8b 38.0b 206b 48.4b 
HD-2009 4.3c 36.0c 177c 42.1c 
C D. P =0.05 0.1 0.4 6 0.4 
Uninoculated 5.6a 43.0a 238a 54.2a 
A. tritichia 4.3b 34.1b 186b 46.0b 
C.D. P = 0.05 0.1 0.5 7 0.5 
O.Og fly ash 4.8c 37.1c 204c 49.9b 
2.5g fly ash 5.1b 39.3b 217b 50.4a 
5.0g fly ash 5.4a 41.9a 235a 50.6a 
7.5g fly ash 4.5d 35.8d 192d 49.6b 
C.D. P = 0.05 0.09 0.3 5 0.4 
B, Two factors 
Uninoculated 6.2a 45.0a 280a 61.3a 
; Lok-1 
A. triticina 5.1c 38.2d 226b 58.3b 
Uninoculated 5.5b 42.5b 232b 53.0c 
HD-2329 
A. triticina 4.2d 33.4e 180d 43.8e 
Uninoculated 5.1c 41.4c 203 c 48.3d 
HD-2009 
A. triticina 3.5e 30.7f 151e 35.9f 
C D. P = 0.05 0.2 0.8 13 0.9 
Contd. 
O.Og fly ash 5.5c 40. Id 239c 59.1b 
2.5g fly ash 5.7b 42.5b 257b 60,3a 
Lok-1 5.0g fly ash 6.1a 45.5a 284a 60.5a 
7.5g fly ash 5.3d 38.4f 23 led 59.4b 
O.Og fly ash 4.7f 36.6g 199f 48.5c 
2.5gfly ash 5.0e 38.7ef 210e 48.7c 
HD-2329 
5.0g fly ash 5.3d 41.1c 226d 49.0c 
7.5g fly ash 4.4g 35.6h 188gh 47.5d 
O.Og fly ash 4.2h 34.8i 175i 42.0e 
2.5g fly ash 4.5g 36.8g 184hi 42,2e 
HD-2009 5.0g fly ash 4.8f 39.2e 194fg 42.4e 
1 7.5g fly ash 3.8i 33.5j 156j 42.0e 
C.D. P=0.05 0.1 0.6 9 0.6 
O.Og fly ash 5.4c 40.9c 224c 53.7b 
Uninoculated 2.5gfly ash 5.6b 43.8b 243b 54.7a 
5.0g fly ash 6.0a 47.2a 271a 54.9a 
7.5g fly ash 5.3c 40.0d 214c 53.4b 
O.Og fly ash 4.1f 33.4g 185e 46.0c 
2,5g fly ash 4.5e 34.8f 191e 46,1c 
A.trifichia 5.0g fly ash 4.8d 36.6e 198d 46.3c 
7.5g fly ash 3.7g 31.6h 169f 45.7c 
C.D. P=0.05 0.1 0.7 11 0.8 
Contd. 
C. Three factors 
O.Og fly ash 6.0bc 42.6cd 255c 60.0b 
2.5g fly ash 6.2b 45.6a 282b 61.3ab 
Uninoculated 5.0g fly ash 6.6a 49.6a 327a 61.4a 
7.5g fly ash 6.0bc 42.4cd 254c 60.4ab 
Lok-1 O.Og fly ash S.Ohi 37.6h 223defg 58.2c 
1 2.5g fly ash 5.3fgh 39.4fg 232de 58.4c 
A. triticifia 5.0g fly ash 5.7cde 41.4de 242cd 58.6c 
7.5g fly ash 4.6j 34.4ij 208ghi 58.3c 
O.Og fly ash 5.4efg 40.6ef 219efg 53.1de 
Uninoculated 
2.5gfly ash 
5.0g fly ash 
5.6def 
5.9bcd 
43.4c 
46.6b 
234de 
260c 
53.4d 
53.7d 
HD-2329 
7.5g fly ash 5.3fgh 39.6f 213fgh 52.0e 
O.Og fly ash 4.0k 32.61m 180jkl 44.0g 
A. triticifia 
2.5gfly ash 
5.0g fly ash 
4.5j 
4.8ij 
34.0jk 
35.6i 
I86jk 
192ijk 
44. Ig 
44.3g 
7.5g fly ash 3.61m 31.6mn 1641m 43.Ig 
O.Og fly ash S.Ohi 39.6f 198hij 48.2f 
2.5gfly ash 5.2gh 42.4cd 212gh 48.4f 
Uninoculated 5.0g fly ash 5.7cde 45.4b 227defg 48.7f 
7.5g fly ash 4.6j 38.2gh 175kl 48. Of 
HD-2009 O.Og fly ash 3.4m 30.0op ]52mn 35.9h 
2.5gfly ash 3,8kl 31.2no 156m 36.0h 
A. triticina 
1 
5.0g fly ash 3,9kl 33.0kl 1621m 36.1h 
7.5g fly ash 3.On 28.8p 136n 35.9h 
C.D. P=0.05 0.3 1.2 19 1.3 
* Different letters within columns and within one C D. range represents values that are 
significant at P=0.05 
-26.9% 
-21 .0% 
• Control 
MA. triticina 
O.Og 7.5g 
2.5 -
2.5g 5,0g 
Fly ash concentrations 
Fig. 6 A - Effects of A. triticina and foliar dusting of fly ash on 
the no. of grains / plant of wheat. 
• Control 
MA. triticina 
Lok-1 HD-2329 HD-2009 
Cultivars 
Fig. 6 B - Effect of A. triticina on total chlorophyll contents of wheat. 
0.006 n 
0.005 -
0.004 -
-12,2% 
-14.9% 
• Control 
UA. triticina 
Lok-1 HD-2009 HD-2329 
Cultivars 
Fig. 6 C - Effect of A. triticina on carotenoid contents of 
wheat. 
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reduction in yield caused by A. triticina was reduced to 21.0% in 7.5 g fly 
ash dusted plants (Fig. 6A). 
Lok-1 showed maximum yield in plants without A. triticina 
dusted with 5.0 g fly ash followed by HD-2329 dusted with the same 
amount of fly ash (Table-7). However, least yield was noticed in HD-2009 
when inoculated with A. triticina and dusted with 7.5 g fly ash (Table-7). 
Photosynthetic pigments 
Photosynthetic pigments (chlorophyll a and b, total chlorophyll 
and carotenoid) were greater in Lok-1 than HD-2009 (Table-8). 
Inoculation of A. triticina caused significant reductions in photosynthetic 
pigments over uninoculated control. Dusting of 2.5 and 5.0 g fly ash 
caused significant increases in chlorophyll contents over undusted plants. 
Dusting of 5.0 g fly ash day'plant ' caused greater increase in total 
chlorophyll than plants dusted with 2.5 g fly ash. However, dusting of 7.5 
g fly ash caused significant reduction in chlorophyll contents over 2.5/5.0 
g fly ash dusted plants (Table-8). 
Inoculation of A. triticina caused significant reductions in 
photosynthetic pigments of all the three cultivars over their respective 
uninoculated controls (Table-8). Inoculation oiA. triticina in Lok-1 caused 
14.3 and 10.2% reductions in total chlorophyll and carotenoids. These 
reductions in HD-2329 were 16.4 and 12.2% respectively (Figs. 6B & C). 
However, reductions of total chlorophyll and carotenoid in HD-2009 were 
18.0 and 14.9% respectively. Greater photosynthetic pigments were 
observed in Lok-1 when dusted with 5.0g fly ash and least in HD-2009 
when dusted with 7.5g fly ash or without fly ash dusting. Inoculation of A. 
Table 8. Effects of foliar dusting of fly ash and A. triticina on the photosynthetic 
pigments of three cultivars of wheat. 
Cultivars/Treatments Chlorophyll 
a (mg/g) 
Chlorophyll 
b (mg/g) 
Total 
Chlorophyll 
(mg/g) 
Carotenoid 
(mg/g) 
A. Single factor 
Lok-1 0.975a 0.796a 1.772a 0,0047a 
HD-2329 0.963a 0,782a 1.745b •0,0046a 
HD-2009 0.907b 0,725b 1.633c 0.0044b 
C.D. P=0.05 0.016 0,014 0.021 0.0001 
Uninoculated 1.006a 0,861a 1,868a 0,0049a 
A. triticina 0.890b 0,675b 1,566b 0.0042b 
C D. P = 0.05 0.018 0,016 0,024 0.0001 
O.Og fly ash 0.939b 0.761b 1.700c 0.0045a 
2.5g fly ash 0.955a 0.775a 1.730b 0.0046a 
5.0g fly ash 0.967a 0.785a 1,752a 0.0046a 
7.5" fly ash O J 0.933b 0.750b 1,684c 0.0045a 
C.D. P = 0,05 0.013 0.011 0.017 0.0001 
B. Two factors 
Uninoculated 1.025a 0.882a 1.908a 0.0049a 
Lok-1 
A. triticina 0.925c 0.711c 1.636c 0.0044b 
Uninoculated 1,020a 0.880a 1.901a 0.0049a 
HD-2329 
A. triticina 0.905c 0.684c l,590d 0.0043b 
Uninoculated 0.974b 0.820b 1,794b 0.0047a 
HD-2009 
A. triticina 0,841d 0.630d l,471e 0.0040c 
C D. P = 0.05 0,032 0.028 0,042 0.0002 
Contd. 
O.Og fly ash 0.965bcde 0.789bc 1.753cd 0.0046b 
2.5g fly ash 0.982ab 0.803a 1.786ab 0.0047cb 
Lok-1 5.0g fly ash 0.996a 0.816a 1.812a 0.0048a 
7.5g fly ash 0.959cde 0.779cd 1.740de 0.0046b 
O.Og fly ash 0.954de 0.775cd 1.729de 0.0046b 
2.5g fly ash 0.970bcd 0.789bc 1.759bcd 0.0047ab 
HD-2329 5.0g fly ash 0.981abc 0.800ab 1.781bc 0.0047ab 
7.5g fly ash 0.946ef 0.766d 1.712e 0.0046b 
O.Og fly ash 0.898h 0.72lef 1.619gh 0.0044c 
2.5gfly ash 0.914gh 0.733e 1.647fg 0.0044c 
HD-2009 5.0g fly ash 0.924fg 0.740e 1.664f 0.0044c 
1 
7.5g fly ash 0.894h 0.707f 1.601h 0.0043c 
C.D. P=0.05 0.022 0.020 0.030 0.0001 
O.Og fly ash 0.993bc 0.851bc 1.844b 0.0048b 
2.5g fly ash l.OlSab 0.870ab 1.885a 0.0049ab 
Uninoculated 5.0g fly ash 1.031a 0.884a 1.916a 0.0050a 
7.5g fly ash 0.986c 0.838c 1.826b 0.0048b 
O.Og fly ash 0.885d 0.672d 1.557cd 0.0042c 
2.5gfly ash 0.895d 0.680d 1.576cd 0.0043c 
A.triticina 5.0g fly ash 0.903d 0.686d 1.589c 0.0043c 
7.5g fly ash 0.879d 0.663d 1.542d 0.0042c 
C.D. P=0.05 0.026 0.023 0.034 0.0001 
Contd.. 
C. Three factors 
O.Og fly ash l.Ollabcd 0.872abcd 1.881bcd 0.0049ab 
2.5g fly ash 1.034abc 0.892abc 1.926ab 0.0050ab 
Uninoculated 5.0g fly ash 1.052a 0.910a 1.962a 0.0051a 
Lok-1 
7.5g fly ash 1.006bcde 0.856cde 1.866bcde 0.0049ab 
O.Og fly ash 0.919hij 0.706hij 1.625ghi 0.0044def 
2.5gf!y ash 0.93]hij 0.715hi 1.646gh 0.0044def 
A. tritic'ma 5.0g fly ash 0.940ghij 0.722h 1.662g 0.0045cde 
i 7.5g fly ash 0.912ij 0.702hij 1.614ghi 0.0044def 
O.Og fly ash l.OOSabcd 0.869bcde 1.877bcd 0.0049ab 
2.5g fly ash 1.030abc 0.889abc 1.919abc 0.0050ab 
Uninoculated 5.0g fly ash 1.045ab 0.904ab 1. 949a 0.0051a 
7 .5gf lyash 0.998cdef 0.861cde 1.859cde 0.0049ab 
HD-2329 O.Og fly ash 0.900j 0.68 lij 1.581i 0.0043efg 
2.5g fly ash 0.911ij 0.689hij 1.600hi 0,0044def 
A. triticina 
5.0g fly ash 0.917hij 0.696hij 1.613ghi 0.0044def 
7.5g fly ash 0.895jk 0.671jk 1.566ii 0.0043efg 
O.Og fly ash 0.961efgh 0.813fg 1.774f 0.0047bcd 
2.5g fly ash 0.983defg 0.829efg 1.812ef 0.0048abc 
Uninoculated S.Ogfly ash 0.997cdef 0.840def 1.837de 0.0048abc 
HD-2009 
7.5g fly ash 0.956fghi 0.798g 1.754f 0.0047bcd 
O.Og fly ash 0.8361 0.6291 1.465j 0.0041fg 
2.5gfly ash 0.8451 0.637kl 1.482j 0.0041fg 
A. triticina 
5.0g fly ash 0.852kl 0.640kl 1.492j 0.0041fg 
7.5g fly ash 0.8321 0.6161 1.448j 0.0040g 
C D. P=0.05 
1 
0.045 0.040 0.060 0.0003 
* Different letters within columns and within one C D. range represents values that are 
significant at P=0,05 
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triticina caused significant reduction in photosynthetic pigments both with 
or without fly ash dusting. Inoculation of A. triticina caused 15.6 and 
12.5% reductions in total chlorophyll and carotenoid pigments in plants 
without fly ash dusting (Figs. 7A & B). These reductions were 16.4 and 
12.2%.in plants dusted with 2.5 g fly ash. However, reductions in total 
chlorophyll and carotenoids were increased to 17.1 and 14.0% in plants 
dusted with 5.0g fly ash while reductions caused by A. triticina were only 
15.5 and 12.5% in plants dusted with 7.5 g fly ash (Table-8). 
Photosynthetic pigments were greater in Lok-1 when dusted with 
5.0 g fly ash without A. triticina. Least photosynthetic pigments were 
found in HD-2009 when dusted with 7.5 g fly ash inoculated with A. 
triticina (Table-8). 
Protein and lysine contents 
Protein (soluble, insoluble and total) and lysine contents were 
greater in Lok-1 than by HD-2329 and HD-2009 (Table-9). Inoculation of 
A. triticina caused significant reductions in protein and lysine contents 
over uninoculated control. Dusting of 2.5 and 5.0 g fly ash caused 
significant increases in insoluble and total protein and lysine contents over 
undusted plants. Dusting of 5.0g fly ash day^planf' caused greater 
increase in soluble and total protein than plants dusted with 2.5g fly ash. 
However, there were no increase in insoluble protein and lysine contents 
with 2.5 and 5.0g fly ash dusting. Dusting of 7.5g fly ash caused 
significant decrease in protein (except insoluble protein) and lysine over 
plants without fly ash dusting (Table-9) . 
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Fig. 7 A - Effects of A. triticina and foliar dusting of fly ash 
on total chlorophyll contents of wheat. 
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Fig. 7 C - Effect of A. triticina on total protein contents of 
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Table 9. Effects of foliar dusting of fly ash and A. triticina on the protein and 
lysine content of the grains of three cultivars of wheat . 
Cultivars/Treatments Soluble 
Protein 
(%) 
Insoluble 
Protein 
(%) 
Total Protein 
(%) 
Lysine 
(%) 
A. Single factor 
Lok-1 58.a 7.2a 13.0a 3.1a 
HD-2329 5.6b 7.0b 12,7b 2.8b 
ro-2009 5.5b 6.9b 12.5b 2.5c 
C.D. P=0.05 0.1 0.1 0.2 0.1 
Uninoculated 6.3a 7.7a 14.1a 3,3a 
A. trilicina 5.0b 6.3b 11.4b 2,4b 
C D. P = 0.05 0.1 0.1 0.2 0,1 
O.Og fly ash 5,7b 6.9b 12.6c 2,8b 
2.5gfly ash 5.7b 7.1a 12.8b 2,9a 
5.0g fly ash 5.8a 7.2a 13.0a 2.9a 
7.5g fly ash 5.5c 6.9b 12.4d 2.7c 
C.D. P = 0.05 0.09 0.1 0.1 0.09 
B. Two factors 
Uninoculated 6,4a 7.9a 14.4a 3,5a 
Lok-] 
A. triticina 5.2b 6.5c 11.7c 2.8c 
Uninoculated 6,3a 7.7ab 14.lab 3,3ab 
HD-2329 
A. triticina 5.0bc 6.3c 11.3cd 2,3d 
' Uninoculated 6,2a 7.5b 13.8b 3,1b 
HD-2009 
A. triticina 4.9c 6.2c 11.Id 2,0e 
C.D. P = 0.05 0.2 0,3 0,4 0.2 
Contd.... 
O.Og fly ash 5.8b 7.1bc 12.9cd 3.1bc 
2.5g fly ash 5.8b 7,3ab 13.1b 3.2ab 
Lok-1 5.0g fly ash 6.0a 7.4a 13.4a 3.3a 
7.5g fly ash 5.6cd 7.1bc 12.7de 3.0cd 
O.Og fly ash 5.7bc 6.9cde 12.6ef 2.8ef 
2.5g fly ash 5.7bc 7.1bc 12.8cde 2.9de 
HD-2329 5.0g fly ash 5.8b 7.3ab 13.0bc 3.0 cd 
7.5g fly ash 5,5de 6.9cde 12.4fg 2.7fg 
O.Og fly ash 5.6cd 6.8de 12.4fg 2.6g 
2.5g fly ash 5.6cd 7.0cd 12,6ef 2.6g 
HD-2009 5.0gfly ash 5.7bc 7.0cd 12.7de 2.6g 
7.5g fly ash 5.4e 6.7e 12.2g 2.4h 
C D. P=0.05 0.1 0.2 0.2 0.1 
O.Og fly ash 6.3b 7.6bc 14.0bc 3.3ab 
2.5g fly ash 6.4ab 7. Sab 14.2ab 3.3ab 
Uninoculated S.Ogfly ash 6.5a 8.0a 14.5a 3.4a 
7.5g fly ash 6.1c 7.5c 13.7c 3.2b 
1 O.Og fly ash 5.Ode 6.3de 11.3de 2.4c 
2.5g fly ash 5.0de 6.4de 11.4de 2.4c 
A.lriiicim 5,0g fly ash 5.Id 6.5d 11.6d 2.5c 
7.5g fly ash 4.9e 6.2e 11,le 2.2d 
C.D. P=0.05 0.1 0.2 0.3 
1 
0.1 
Contd. 
C. Three factors 
O.Og fly ash 6.4abc 7.8abc 14.2bc 3.5abc 
2.5g fly ash 6.5ab S.Oab 14. Sab 3.6ab 
Uninoculated S.Ogfly ash 6.7a 8.2a 14.9a 3.7a 
7.5g fly ash 6.2bc 7.8abc H.Obcd 3.4abcd 
Lok-1 O.Og fly ash 5.2de 6.4def 11.6efg 2.8ghi 
1 2.5g fly ash 5.2de 6.6de 11.8ef 2.8ghi 
A. triticina 5.0g fly ash 5.3d 6.7d 12.0e 2.9fgh 
7.5g fly ash S.ldef 6.4def l l .Sefg 2.7hij 
O.Og fly ash 6.4abc 7.6bc M.Obcd 3.3bcde 
Uninoculated 2.5g fly ash 6.4abc 7.8abc 14.2bc 3.4abcd 
S.Ogfly ash 6. Sab S.Oab 14. Sab 3.5abc 
7.5g fly ash 6.2bc 7.6bc 13.8cd 3.3bcde 
HD-2329 O.Og fly ash S.Odef 6.3def 11.3fgh 2.4jkl 
2.5g fly ash S.Odef 6.4de 11.4fgh 2.4jkl 
A. triticina 5.0g fly ash S.ldef 6.6de 11.6efg 2.5ijk 
7.5g fly ash 4,9ef 6,2ef l l . l g h 2.2klm 
O.Og fly ash 6.3bc 7.5c 13.8cd 3.1defg 
Uninoculated 2.5g fly ash 6.3bc 7.7bc H.Obcd 3.1defg 
5.0g fly ash 6.4abc 7.8abc 14.2bc 3.2cdef 
7.5g fly ash 6.1c 7.4c 13.Sd 3.0efgh 
HD-2009 O.Og fly ash 4.9ef 6.2ef l l . l g h 2.11m 
2.5gfly ash 4.9ef 6.3def ]1.2gh 2.]]m 
A. triticina 5.0g fly ash S.Odef 6.3def 11.3fgh 2.11m 
7.5g fly ash 4.8f 6.1f 10.9h 1.9m 
C.D. P=0.05 
1 
0.3 0.4 0.5 0.3 
* Different letters within columns and within one C.D. range represents values that are 
significant at P=0.05 
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Inoculation of A. triticina caused significant reductions in protein 
and lysine contents in all the three cultivars over their respective 
uninoculated controls (Table-9). Inoculation of J. triticina in Lok-I caused 
18.7 and 20.0% reductions in total protein and lysine (Figs. 7C & 8A). 
These reductions were 19.8 and 30.0% in HD-2329 and 19.5 and 35.4% in 
HD-2009 respectively. Greater protein was found in Lok-1 when dusted 
with 5.0g fly ash and least in HD-2329 at 7.5 g fly ash dusting or in HD-
2009 both with 7.5g fly ash dusting and without fly ash dusting. Maximum 
lysine was found in Lok-I at 2.5 and 5.0g fly ash dusting and least in HD-
2009 with 7.5 g fly ash dusting. Inoculation of A. triticina caused 
significant decrease in protein and lysine contents both with or without fly 
ash dusting. Reductions in total protein was 19.2% by/I. triticina in plants 
without fly ash dusting (Fig. 8B). Reduction in total protein was found 
increased to 19.7 and 20.0% with 2.5g and 5.0 g fly ash dusting 
respectively. However, reduction in total protein was only 18.9% with 7.5 
g fly ash dusting. 
Protein and lysine were greater in Lok-1 when dusted with 5.0g 
fly ash without triticina and least in HD-2009 dusted with 7.5 g fly ash 
and inoculated with A. triticina (Table-9). 
Experiment 3 - Effects of fly ash and Helminthosporiiim oryzae on the 
growth, yield, photosynthetic pigments, protien and lysine contents of 
three cultivars of rice. 
-30.0% 
-35.4% 
• Control 
MA.triticina 
Lok-1 HD-2329 
Cultivars 
HD-2009 
Fig. 8 A - Effect of A.tritidna on the lysine contents of wheat. 
• Control 
MA.triticina 
-19.7% -20.0% -18.9% 
Fly ash concentrations 
Fig. 8 B - Effects of A.tritidna and foliar dusting of fly ash on total protein 
contents of wheat. 
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Plant growth 
Plant growth (shoot length, shoot fresh and dry weight, root 
length, root fresh and dry weight) was higher in Pusa Basmati followed by 
Pant-4 and Pant-10 (Table-10). Inoculation of H. oryzae caused a 
significant reduction in plant growth over uninoculated control. 
Amendment of 20 and 40% fly ash with soil caused significant increases 
in plant growth over plants grown in without fly ash amended soil. Forty 
per cent fly ash with soil gave a greater increase in plant growth than 
plants grown in 20% fly ash with soil. Use of 60, 80 and 100% fly ash 
caused significant reductions in plant growth over plants grown in pure 
soil. Reductions in plant growth were greater in 100% fly ash grown plants 
followed by plants grown in 80 and 60% fly ash with soil (Table-!0). 
Inoculation of H. oryzae caused greater reduction in the growth 
of cultivar Pant-10 followed by Pant-4 and Pusa Basmati (Table-10). Pusa 
Basmati suffered 12.8% reduction in shoot dry weight by the inoculation 
of H. oryzae (Fig. 9A). However, these reductions were 12.4 and 23.8% in 
Pant-4 and Pant-10 respectively. Greatest plant growth was obtained in 
Pusa Basmati when grown in soil mixed with 40% fly ash followed by 
Pant-4 when grown in 40% fly ash with soil and Pusa Basmati grown in 
20% fly ash mixed with soil. Least plant growth was obtained when Pant-
10 was grown in 100% fly ash than other cultivars grown in 100% fly ash. 
Generally, 100% fly ash had greater adverse effect on growth of all the 
three cultivars than plants in any other fly ash - soil combinations. 
Inoculation o f / / , oryzae caused 15.6% reduction in shoot dry weight of 
plants grown in pure soil (Fig. 9B). The reductions were 14.9, 15.4, 17.1, 
Table 10. Effects of fly ash and H. otyzae on the growth of three cultivars of rice 
Cultivars/Treatments Shoot 
length 
(cm) 
Shoot 
fresh wt. 
(g) 
Shoot 
dry wt. 
(g) 
Root 
length 
(cm) 
Root 
fresh wt. 
(g) • 
Root 
dry wt. 
(g) 
A. Single factor 
Pant-4 70.8b 28.3b 9.44b 20.81b 7.42b 2,47ab 
Pant-10 63.7c 25.0c 8.29c 20.05c 7.15c 2,38b 
Pusa Basmati 73.2a 29.7a 10,06a 21.30a 7.60a 2,58a 
C D. P=0.05 0.9 0.5 0,22 0.39 0.16 0,14 
Uninoculated 75.2a 30.1a 10,07a 22,09a 7.88a 2.62a 
H. oryzae 63.3b 25.3b 8.45b 19,35b 6.90b 2.29b 
C D. P=0.05 1,2 0.7 0.31 0,55 0.23 0,21 
0 % fly ash 71.6c 28.5c 9.51c 21.32c 7.60c 2,51b 
20 % fly ash 74.4b 29,8b 9.97b 22,30b 7.96b 2.66a 
40 % fly ash 78.9a 31.6a 10.54a 23.58a 8.43a 2.73a 
60 % fly ash 68.6d 27,5d 9.17d 20.55d 7.32d' 2.43b 
80 % fly ash 63.Be 25.5e 8.57e 19.13e 6.81e 2,25c 
100% fly ash 58.2f 23.2f 7.81f 17.45f 6.21f 2,06d 
C.D. P=0.05 0.7 0.4 0.18 0.32 0,13 0,12 
B, Two factors 
Uninoculated 75.6b 30.2b 10.06b 22.19ab 7,91ab 2,63ab 
Pant-4 
H. oryzae 66,ld 26.4d 8.81d 19.43cd 6,92cd 2,30bc 
Uninoculated 70.8c 28.1c 9.41c 21.42b 7,63b 2,54abc 
Pant-10 
H. oryzae 56.6e 21.9e 7.17e 18.68d 6,66d 2,22c 
Uninoculated 79.1a 31.9a 10.75a 22.68a 8,08a' 2,68a 
Pusa Basmati 
H. oryzae 67.2d 27.6c 9.37c 19.93c 7,11c 2,36abc 
C.D. P=0.05. 2.1 1,1 0.54 0.96 0,40 0,36 
Contd. 
0 % fly ash 72.9e 29.2e 9.71de 21.42cd 7.63cd 2.52cde 
20 % fly ash 76. Id 30.5c 10.16c 22.40b 8.00b 2,68abc 
40 % fly ash 80.5b 32.2b 10.75b 23,69a 8.47a 2,85a 
Panl-4 
2,44def 60 % fly ash 70. If 28. If 9.35fg 20.64e 7.35e 
80 % fly ash 65.4h 26. Ih 8.71i 19.20g 6.84f 2.27fgh 
100% fly ash 59.9j 23.9j 7.94j 17.531 6.23h 2.071U 
0 % fl\ ash 66.3h 26.0h 8.62i 20.79e 7.41de 2.46def 
20 % fl>' ash 69.2f 27.3g 9.05gh 21.71cd 7.75c 2.60bcd 
40 % fly asli 73.4e 28.9e 9.6 lef 22.95b 8.20b 2.75ab 
Pant-10 
2,34efg 60 % fly ash 63.Oi 24.7i 8.19j 19.83f 7.06f 
80 % fl>^ ash 58.1k 22.7k 7.52k 18.37h 6.55g 2,16ghi 
100% fly ash 52.21 20.41 6.751 I6.65i 5.92i 1.97j 
•0%fly ash 75.6d 30.3cd 10.22c 21.75c 7.76c 2.56cd 
20 % fl)- ash 77.9c 31.7b 10.71b 22.80b 8.1.3b 2.71abc 
Pusa 40 % fly ash 82.5a 33.6a 11.26a 24.10a 8.62a 2.88a 
Basmati 60 % fly ash 72.6e 29.6de 9.96cd 21.18de 7.55cde 2.50cde 
80 n\ ash 67.9g 27.7fg 9.47ef 19.81f 7.06f 2.34efg 
100 % fly ash 62.4i 25.5h 8.741U 18.17h 6.48g 2.16ghi 
C.D. P=().05 1.2 0.7 0.31 0.55 0.23 0.21 
0 % fl>- ash 77.0c 30.8c 10.32c 22.64c 8.07c 2.67bc 
20 % fly ash 80.2b 32.1b 10.77b 23.61b 8.42b 2.81ab 
40 % ny ash 85.3a 34.2a 11.42a 25.11a 8.96a ' 3.00a 
Uninoculaled 
2.60bcd 60 % fl\- ash 74.8d 29.9cd 10.02cd 21.98c 7.83c 
80 % fly ash 69.6f 27.8e 9.34ef 20.45de 7.30d 2.41cdef 
,100% fly ash 64. Ih 25.5fg 8.58h 18.78f 6.69f 2.23fg 
0 % fly ash 66.1g 26.2f 8.7 Igh 20.00e 7.13c 2.35defg 
20 % n>' ash 68.6f 27.5e 9.17fg 20.99d 7.50d 2.52vcde 
40 % n>' ash 72.3e 29.6d 9.66de 22.05c 7.89c 2.65bc 
//. oiyzae 
2.25efg 60% fly ash 62.4h 25.0g 8.3 Ih 19.12f 6.81ef 
80 % fly ash 58.0i 23.2h 7.79i 17.81g 6.33g 2,10gh 
100% fly ash 52.2) 20.9i 7.04j 16.12h 5.73h l,90h 
C.D. P=0.05 1.7 0.9 0.44 0.78 0,32 ,29 
Contd.... 
( ' . T h r e e f a c t o r s 
Infeclec 
leaf are. 
(%) 
O " o l l \ ash 77.3er 30.9def 10.29 cdef 22.73def 8.09defg 2.68abcdefgli -
20 "o lly ash 80.6d 32.3cd 10.76bcde 23.72bcd 8.47bcde 2.84abcde -
40 »o ily ash 85.7b 34.3ab 11.45ab 25.23a 9.02ab 3.03ab -
Uiiinoeulated 60 "o lly ash 75.2fgh 30.1efg 10.02defg 22.10efgli 7 .87fgh 2.62abcdefglii -
80 »o lly ash 69.9kl 27.9ij 9.32ghii 20.53ijkl 7.33hijk 2.43cdefghijk -
l 'ant-4 
100 % lly ash 64.6nop 25.7nm 8.54klmii 18.85mno 6.721nmo 2.23gliijklm 
O°ol lya . sh 68.51m 27.4jkl 9.12hiik 20.12ikhii 7.17ijkl 2.36defgliijkl 14 
20 "o i ly ash 71.6ijk 28.7gliij 9.56fghi 21.08hijk 7.54gliy 2.53bcdefghi 13 
H. oryzae 4 0 % fly ash 75.2fgh 30.1efg lO.OSdefg 22.16efgh 7 .92efg 2.67abcdel'gli 14 
60 " o i l y ash 65.1no 26.1klm 8.68jklm 19.181nmo 6.83klm)io 2.26fghijklm 16 
80 »o lly ash 60.9qr 24,3110 8.10miiop 17.88op 6.35opq 2.11ijklm 18 
100 % lly ash 55.21 22.1pq 7.34pq 16.21qr 5.74rs 1.911m 21 
0 ° „ n y a . s h 73.2hij 29.1ghi 9.72fgh 22.12efgh 7.89fgh 2.62abcdefglii -
20 "o i ly ash 7 6 . 1 d g 30.3efg 10.13dor 23.01cde 8.21cdcf 2.75abcdef 
Uninociilated 40 »o lly ash Sl.Ocd 32.2cd 10.79hcd 24.45ab 8!73abc 2.93abc -
60 "o lly ash 70.3kl 27.9ij 9.33ghij 21.24ghij 7.57gliij 2.52bcdefghij -
80 " o i l y ash 65.1no 25.81nm 8.62jklmii 19.701nm 7.03jkhn 2.31fghiiklm -
1 0 0 % ily ash 59.2rs 23.4op 7.85nop IS.OOop 6.40nopq 2.14ijklm -
Pant-10 0 % t l y a . s h 59.3qrs 23.0opq 7.51opq 19.47lmn 6.94khiin 2.31fghijklm 20 
20 % lly asii 62.3opq 24.20 7.96miiop 20.41iikl 7.30ijk 2.45cdefghijk 20 
4 0 % lly ash 65.8nm 25.7nm 8.43klnm 21.45fghij 7.67fghi 2.58abcdefglii 19 
H. oryzae 60 " o i l y ash 55.7t 21.6q 7.04qr 18.42no 6.56n'mopq 2.17hijklm 22 
8 0 % l l y a . s h 51 , lu 19.6r 6.41 IS 17.05pq 6.08pqr 2.01jklm 23 
1 0 0 % lly ash 4 5 . 2 V 17.4s 5.64s 15.31r 5.45s 1.80m 26 
0 % lly ash 80.5d 32.4cd 10.94bc 23.09cde 8.23cdef 2.72abcdefg -
2 0 < ' o t l y a s h 83.9bc 33.8bc 11.42ab 24.10abc 8,59abcd 2.85abcd -
I ' l i inociilated 
4 0 % lly ash 
60 % l l y a . s h 
89.2a 
78.9de 
35.9a 
31.7dc 
12.01a 
10.72bcde 
25.66a 
22.60def 
9.15a 
8.07delg 
3.05a 
2.68abcdefgh 
-
80 % lly ash 73.9ghi 29.7fgh 10.07defg 21.13hij 7:54ghii 2 .50cdefghijk -
Pusa Basmati 
100 % lly ash 68.41m 27.6ijk 9.34ghij 19.501mii 6.95klnm 2.32fghijkl -
0 % lly ash 70.6jkl 28.3hij 9.50ghi 20.42ijkl 7.29ijk 2.40defgliijkl 19 
2 0 % Ily ash 71.9ijk 29.7fgh lO.OOcfg 21.50fglii 7.68fghi 2.58abcdefglii 19 
H. cnyzae 4 0 % lly ash 
6 0 % lly ash 
75.8fgh 
66.3mn 
31.3def 
27.4jkl 
10.5 Icde 
9.20hiik 
22.55defg 
19.76klnm 
8.09defg 
7.04ikhii 
2 .71abcdefg 
2.33efghijk! 
20 
21 
80 % ll>' ash 62.0pqr 25.7mn 8.87ijkl 18.5011O 6.58iimop 2.18hijklm 22 
100 % lly ash 56.4st 23.4op 8.31 Inino 16.85pq 6.01qrs 2.00klm 24 
C.D. P - 0.05 0.3 1.6 0.77 1.35 0.56 0.51 -
* Different letters within columns and within one C.D. range represent values that are 
significant at P = 0.05 
1) 
I? -o 
CO 
•29 
4 
e? -T3 
o 
in 
Pant-4 Pant-10 
Cultivars 
Fig. 9 A - Effect of H.oiyzae on shoot dry weight of rice. 
Pusa Basmati 
Per cent fly ash concentrations 
Fig. 9 B - Effects of H.oiyzae and fly ash on shoot dry' weight of 
rice. 
Pant-4 
-34.3% 
Pusa Basmati Pant-10 
Cultivars 
Fig. 9 C- Effect of H.oiyzae on the no. of grains / plant of rice. 
• Control 
M H.oiyzae 
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16.6 and 17.9% by H. oryzae when plants were grown with 20, 40, 60, 80 
and 100% fly ash respectively. 
Greatest plant growth was noticed when Pusa Basmati was grown 
in 40% fly ash with soil without H. oryzae over any other treatment 
(Table-10). However, least plant growth was observed when Pant-10 was 
grown in 100% fly ash and inoculated with H. oryzae. Plants infected with 
H.. oryzae showed brown, rounded t oval spots on the leaves and leaf 
sheaths. Pant-10 exhibited greater infected leaf area caused by H. oryzae 
followed by Pant-4 and Pusa Basmati. All the cultivars, showed greater 
infected leaf area in 100% fly ash grown plants than the plants grown in 
pure soil or 20 and 40% fly ash amended soil (Table-10). 
Yield 
Yields (no. of panicles/plant, no. of grains/panicle, no.-of grains/ 
plant, weight of 1000 grains) were greater in Pant-4 followed by Pant-10 
and Pusa Basmati (Table-11). Inoculation of H. oryzae caused a significant 
reduction in yield over uninoculated control. Amendment of 20 and 40% 
fly ash with soil caused significant increases in yield over without fly ash 
amended soil. Forty per cent fly ash with soil caused a greater increase in 
yield than plants grown in 20% fly ash with soil. Amendments of 60, 80 
and 100% fly ash caused significant reductions in yield over plants grown 
in pure soil. Reductions in yield was greater in 100% fly ash grown plants 
followed by plants grown in 80 and 60% fly ash with soil (Table-11). 
Inoculation of H. oryzae caused a greater yield reduction (based 
on the no. of grains/plant) of Pant-10 (35.7), followed by Pusa Basmati 
(34.3) and Pant-4 (32.0) (Fig. 9C). Greater yield was obtained in Pant-4 
Table 11. Effects of fly ash and H. oryzae on the yield of three cultivars of rice. 
Cultivars/Treatments No. of No. of No. of Weight of 
panicles 
per plant 
grains per 
panicle 
grains per 
plant 
1000 
grains(g) 
A. Single factor 
Pant-4 12.3a 34.7a 438a 31.0a 
Pant-10 10.9b 32.0b 377b 24.6b 
Pusa Basmati 10.8b 30.3c 343c 23.5c 
C.D. P=0.05 0.3 0.5 11 0.2 
Uninoculated 12.4a 36.5a 465a 28.8a 
H. oryzae 10.3b 28.3b 307b 24.0b 
C D, P - 0 . 0 5 0.4 0.8 16 0.3 
0% fly ash 12.1c 33.1c 441c 26.9c 
20% fly ash 12.7b 36.3b 472b 27.2b 
40% fly ash 13.4a 41.2a 566a 27.7a 
60% fly ash 11.2d 31.3d 360d 26.2d 
80% fly ash lO.Oe 28.le 289e 25.5e 
100% fly ash 8.7f 24. If 218f 24.8f 
C.D. P = 0.05 0.2 0.4 9 0.2 
B. Two factors 
Uninoculated 13.1a 38.9a 522a 32.4a 
Pant-4 
H. oryzae 11.4c 30.6d 355d 29.7b 
Uninoculated 12.3b 36.4b 459b 28.9c 
Pant-10 
H. oryzae 9.5d 27.6e 295d 20.2f 
Uninoculated 11.7bc 34.1c 414c 25.Id 
Pusa Basmati 
H. oryzae 9.9d 26.5e 272d 22.0e 
C.D. P = 0.05 0.7 1.3 28 0.6 
Contd.... 
0% fly ash 12.8cd 34.7e 446de 31.3c 
20% fly ash 13.4b 38.5c 520c 31.8b 
40% fly ash 14.2a 43.8a 632a 32.4a 
Pant-4 
60% fly ash 12.2e 33.5f 410f 31.0c 
80% fly ash 11.Ih 30.8h 345h 30.4d 
100% fly ash lO.li 27.3j 277j 29.5e 
0% fly ash 11.6g 32.8f 401fg 25.0gh 
20% fly ash 12.1ef 35.8d 457d 25.4g 
40% fly ash 13.0bc 41.0b 555b 25.9f 
Pant-10 
60% fly ash 10.8h 31.Oh 352h 24.4i 
80% fly ash 9.6j 27.8j 284j 23.6j 
100% fly ash 8.4k 23.61 2131 23.2k 
0% fly ash 12.0fg 31.9g 387g 24.2i 
20% fly ash 12.5de 34.6e 438e 24.6i 
Pusa Basmati 40% fly ash 13.0bc 38.8c 513c 25.Oh 
60% fly ash 10.7h 29.5i 317i 23.4jk 
80% fly ash 9.3j 25.6k 240k 22.61 
100% fly ash 
1 
7.61 21.3m 164m 21.6m 
C.D. P=0.05 0.4 0.8 16 0.3 
0% fly ash 13.2b 36.9c 488c 29.1bc 
20% fly ash 13.8b 41.8b 580b 29.5b 
Uninoculated 
40% fly ash 14.8a 48.2a 713a 30.1a 
60% fly ash 12.1c 33.9d 410d 28.7c 
80% fly ash 11.Ode 30.8e 341ef 28.Id 
100% fly ash 9.5f 27.1g 259h 27.3e 
0% fly ash 11.Id 29.3f 334f 24.6g 
20% fly ash l l .Scd 30.7e 363e 24.9fg 
H. oryzae 
40% fly ash 12.0c 34.2d 420d 25.3f 
60% fly ash ]0.4e 28.8f 310g 23.8h 
80% fly ash 9.0f 25.3h 238h 22.9i 
100% fly ash 7.9g 21.li Mix. 22.3j 
C.D. P=0.05 0.6 1.1 23 0,5 
Contd. 
C. Three factors 
0% fly ash 13.6bc 38.3ef S12e 32.5bc 
20% fly ash 14.3ab 44.,3c 635c 33.0ab 
Unijiociilated 
40% fly ash 
60% fly ash 
15.3a 
13.0cd 
52.0a 
35.6gh 
796a 
463f 
33.7a 
32.3bc 
80% fly ash 12.0def 33.31J 400gh 31.9cd 
Paiit-4 
100% fly ash I0.6ghij 30.01TO 318nm 3l.lde 
0% fl>' ash 12.0def 31.0kl 3721uj 30.3ef 
20% fly ash 12.4de 32.6ijk 404gh 30.6ef 
40% fly ash 13.0cd 35.6gh 468f 31.1de 
H. oryzae 60% fly ash 11.4efg 31.4kl 358yk 29.7fg 
80% fly ash 10.2hij 28.4mno 290nmop 28.9gh 
100% fly ash 9.6k 24.6p 236qrs 28.0hi 
0% fly ash 13.0cd 37.01g 4811" 29.3g 
20% fly ash 13.6bc 41.6d 566d 29.7tg 
Umnoculated 40% fly ash H.6ab 47.6b 695b 30.3ef 
60% fly ash 12.0def 34.0hi 408gh 28.9gh 
80% fly ash ll.Ofghi 31.01k 341ijkl 28.2hi 
Pant-10 
100% fly ash 9.6jk 27.20 261pqr 27.41J 
0% fly ash 10.2hij 28.6nmo 320klm 20.8qr 
20% fly ash 10.6ghij 30.01m 348ijk] 21.1pq 
40% fly ash 11.4erg 34,4hi 414g 21.5pq 
H. oiyzae 60% fly ash 9.6jk 28.0no 297mnop 19.9rs 
80% fly ash 8.21m 24.6p 226rs 19.1s 
100% fly ash 7.2mn 20.0q 164tu 19.0s 
0% fly ash 13.0cd 35.6gh 463f 25.6kl 
20% fly ash 13.6bc 3y,6e 539de 26.0k 
Umnoculated 40% fly ash 14.4ab 45.0c 648c 26.5jk 
60% fly ash 11.2igh 32.0jk 358ijk 25.01m 
80% fly ash lO.Oij 28.0no 282nop 24,3nm 
I'lisa Basmali 100% fly ash 8,2hn 24.0p 197st 23.4no 
0% fl>' ash ll.Ofghi 28.2mno 3101nmo 22.90 
20% fly ash 11.4efg 29.61ran 337jkl 23.20 
H. oiyzae 40% fly ash 11.6efg 32.6ijk 378ghi 23.5no 
60% fly ash 10.2hij 27. Oo 275opq 21.8p 
80% fly ash 8.6kl 23.0p 198sl 20.9pq 
100% fly ash 7. On 18.6q 130u 19.9rs 
C.D. P=0.05 1.0 1.8 39 0.9 
* Different letters within columns and within one C.D, range represent values that are 
significant at P = 0.05 
65 
when grown in soil mixed with 40% fly ash followed by same cultivar 
when grown in 20% fly ash with soil. Least yield was obtained when Pusa 
Basmati was grown in 100% fly ash than any other cultivar was grown in 
100% fly ash. Generally, 100% fly ash had greater adverse effect on yield 
of all the three cultivars than any other fly ash soil combinations. 
Inoculation of H. oryzae had an adverse effect on yield in different soil 
types but adverse effect of H. oryzae was maximum in plants grown with 
100% fly ash. Inoculation of H. oryzae to plants grown in soil without fly 
ash caused about 31.6% reduction (based on the no. of grains/plant) but 
reduction in yield was 31.7%) in plants grown with 100%) fly ash 
(Fig. lOA). 
Greater yield was obtained when Pant-4 was grown in 40% fly 
ash with soil without H. oryzae over any other treatment (Table-11). 
However, least yield was noticed on Pusa Basmati grown in 100%) fly ash 
and inoculated with H. oryzae. Inoculation of H. oryzae caused 27.3% 
reduction in the yield (based on the no. of grains/plant) of Pant-4 in pure 
soil but reduction in this cultivar was 25.8% in 100% fly ash. However, 
Pant-10 suffered 33.5% reduction in pure soil by H. oryzae while this 
reduction was increased to 37.2% in 100%) fly ash. Similarly, in Pusa 
Basmati reduction caused by H. oryzae was 33.0%o and this reduction was 
increased to 34.0%) in 100% fly ash grown plants (Fig. lOB). 
Photosynthetic pigments 
Chlorophyll a and b, total chlorophyll and carotenoid, were 
higher in Pant-4 followed by Pant-10 and Pusa Basmati (Table-12). 
Inoculation of H. oryzae caused significant reductions in chlorophyll a 
-41.1% 
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-31.7% 
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Fig 10 A - Effects oiH.oryzae and fly ash on the no. of grains / plant of nee. 
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Fig. 10 B - Effects of H.oryzae and fly ash on the no. grains / plant 
of rice. 
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Fig. IOC - Effect oiH.oryzae on total chlorophyll contents of 
wheat. 
Table 12. Effects of fly ash and H. oryzae on the photosynthetic pigments of 
three cultivars of rice. 
Cultivars/Treatments Chlorophyll 
a (mg/g) 
Chlorophyll 
b (mg/g) 
Total 
Chlorophyll 
(mg/g) 
Carotenoid 
(mg/g) 
A. Single factor 
Pant-4 0.725a 0.584a 1.310a 0.0037a 
Pant-10 0.705b 0.564b 1.270b 0.0036b 
Pusa Basmati 0.667c 0.521c 1.188c 0.0034c 
C D. P =0.05 0.012 0.007 0.026 0.00008 
Uninoculated 0.786a 0.626a 1.412a 0.0039a 
H. oryzae 0.612b 0.487b 1.099b 0.0033b 
C.D. P = 0.05 0.018 0.011 0.037 0.0001 
0% fly ash 0.695c 0.564c 1.260c 0.0036c 
20% fly ash 0.745b 0.610b 1.355b •0.0038b 
40% fly ash 0.825a 0.679a 1.504a 0.0041a 
60% fly ash 0.681d 0.537d 1.218d 0.0035d 
80% fly ash 0.643e 0.495e 1.139e 0.0033e 
100% fly ash 0.604f 0.454f 1.058f 0.0032f 
C.D. P = 0,05 0.010 0.006 0.0021 0.00007 
B. Two factors 
Uninoculated 0,815a 0.655a 1.471a 0.0041a 
Pant-4 
H. oryzae 0.636c 0.512d 1.149c 0.0034c 
Uninoculated 0.791a 0.634b 1.426a 0.0040ab 
Pant-10 
H. oryzae 0.619c 0.495d 1.114c 0.0033cd 
Uninoculated 0.751b 0.589c 1.340b 0.0038b 
Pusa Basmati 
H. oryzae 0.583d 0.453e 1.036d 0.0031d 
C D. P = 0.05 0.031 0.019 0.065 0.0002 
Contd. 
0% fly ash 0.715e 0.586f 1.302e 0.0037c 
20% fly ash 0.768d 0.634d 1.402cd 0.0039b 
40% fly ash 0.854a 0.702a 1.557a 0.0043a 
Pant-4 
60% fly ash 0.707e 0.567g 1.275e 0.0037c 
80% fly ash 0,673g 0.529i 1.202f 0.0035d 
100% fly ash 0.637h 0.486k 1.123g 0.0033fg 
0% fly ash 0.701ef 0.572g 1.273e 0.0037c 
20% fly ash 0.751d 0.617e 1.369d 0.0039b 
Pant-10 
40% fly ash 0.829b 0.688b 1.517b 0.0042a 
60% fly ash 0.688fg 0.544h 1.232f 0.0036cd 
80% fly ash 0.652h 0.500j 1.152g 0.0033fg 
100% fly ash 0,610i 0.4661 1.076h 0.0032g 
0% fly ash 0.671g 0.535hi 1.206f 0.0035de 
20% fly ash 0.718e 0.578fg 1.296e 0,0037c 
Pusa 40% fly ash 0.793c 0.646c 1.439c 0.0040b 
Basmati 60% fly ash 0.647h 0.5 lOj 1.149g 0,0034ef 
80% fly ash 0.606i 0.4561 1.063h 0,0032g 
100% fly ash 0.566j 0.4101 0.976i 0.0030h 
C D. P=0.05 0.018 0.011 0.037 0,0001 
1 0% fly ash 0.776c 0.641c 1.418c 0.0040c 
20% fly ash 0.831b 0.685b 1.516b 0.0042b 
Uninoculated 40% fly ash 0.936a 0.775a 1,712a 0.0045a 
60% fly ash 0.754c 0.590d 1.345d 0.0038d 
80% fly ash 0.721d 0.549e 1.271e 0.0036ef 
100% fly ash 0.695e 0.517f 1.213f 0.0035f 
0% fly ash 0.615g 0.488g 1.103g 0.0033g 
20% fly ash 0.660f 0.534e 1.195f 0.0035f 
H. oryzae 
40% fly ash 0.714de 0.582d 1.296de 0.0037de 
60% fly ash 0.607g 0.484g 1.092g 0.0033g 
80% fly ash 0.566h 0.441h 1.007h 0.0030h 
100% fly ash 0.5131 0.391i 0.9041 0.0028i 
C.D. P=0.05 0.025 0.015 0.053 0.0001 
Contd. 
C. Three factors 
0% fly ash 0.795def 0.663d 1.458efg 0.004 Icdef 
20% fly ash 0,854c 0.705c 1.559cd 0.0043bcd 
Uninoculated 40% fly ash 0.969a 0.795a 1.764a 0.0047a 
60% fly ash 0.784efg 0.625ef 1.409fgh 0.0040defg 
80% fly ash 0.756fgh 0.588gh 1.3441iij 0.0038fghi 
Panl-4 
100% ny ash 0.7361ii 0.5591 1.295ijkl 0.0037ghij 
0% fly ash 0.636mno 0.510kl 1.146nopq 0.0034jklm 
20% fly ash 0.682jkl 0.5631U 1.245klm 0.00361iijk 
H. oiyzae 
40% fly ash 
60% fly ash 
0.740glu 
0.63 Inop 
0.610fg 
0.510kl 
1.3501uj 
i.l41nopq 
0.0039efgh 
0.0034jklm 
80% fly ash 0.590pqr 0.470niiio 1.060qrst 0.0033klnin 
100% fly ash 0.538st 0.414p 0.952UV 0.0029opq 
0% fly ash 0.782efg 0.647de 1.430fgh 0.0040defq 
20% fly ash 0.835cd 0.693c 1.528de 0.0042cde 
Uninoculated 40% fly ash 0.938ab 0.786a 1.723ab 0.0046ab 
60% fly ash 0.762efgh 0.598fg 1.3601ii 0.0039efgh 
80% fly ash 0.730hi 0.5551 1.285ijkl 0.003 7ghi) 
Pant-10 100% fly ash 0.701ijk 0.527jk 1.228klmn 0.0036hijk 
0% fly ash 0.620opq 0.4971m 1.117pqrs 0.0034jklm 
20% fly ash 0.668klmn 0.542i) 1.2101mno 0.0036hijk 
H. oryzae 40% fl)' ash 0.7201iij 0.591g 1.31iyk 0.0038fghi 
60% fly ash 0.615opqr 0.4901mn 1.105pqrst 0.0034jklm 
80% fly ash 0.574rs 0,446o 1.020tu 0.0030nopq 
100% fl)' ash 0.519tu 0.406p 0.925\iv 0.0029opq 
0% fly ash 0.753fgh 0.614fg 1.367glii 1.0039efgh 
20% fly ash 0.804de 0.658d 1.462ef 0.004 Icdef 
Uninoculated 40% fly ash 0.903b 0.746b 1.649bc 0.0044abc 
60% fly ash 0.7181iij 0.549iJ 1.267jklm 0.003 7ghij 
80% fly ash 0.679jklm 0.505kl l.]84mnop 0.0035ijkl 
Pusa Basmati 
100% fly ash 0.6491nmo 0.467no 1.116pqrs 0.0034jklm 
0% fly ash 0.589pqr 0.457O 1.046rst 0.00321iTmo 
20% fly ash 0.632nop 0.4991 1.131opqr 0.0034jklm 
II. oryzae 
40% fly ash 
60% fly ash 
0,683jkl 
0.577qrs 
0.546ij 
0.454O 
1.229klmii 
1.031shi 
0.00361iijk 
0.003 Imnop 
80% fly ash 0.534st 0.408p 0.942UV 0.0029opq 
100% fly ash 0.483U 0.354q 0.837\v 0.0027q 
C.D.P=0.05 0.044 0.27 0.092 0.0003 
* Different letters within columns and within one C.D. range represent values that are 
significant at P = 0.05 
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and b, total chlorophyll and carotenoid contents than uninoculated control. 
Application of 20 and 40% fly ash with soil caused significant increases 
in chlorophyll a and b, total chlorophyll and carotenoid contents, 
maximum being in plants grown in 40% fly ash amended soil. Sixty, 80 
and 100% fly ash caused reductions in photosynthetic pigments and the 
reductions were greater in plants grown in 100% fly ash (Table-12). 
Inoculation of H. oryzae caused reductions in chlorophyll a and 
b, total chlorophyll and carotenoid contents in all the three cultivars 
(Table-12). Pant-4 suffered 21.9 and 17.1% reductions in total chlorophyll 
and carotenoid pigments hy H. oryzae (Figs. IOC & llA). In Pant-10 these 
reductions were 21.9 and 17.5% respectively, while in Pusa Basmati 
reductions caused by H. oryzae were 22.7 and 18.4% respectively. 
Photosynthetic pigments were greater in Pant-4 grown with 40% fly ash 
amended soil and least in Pusa Basmati grown in 100 fly ash. Inoculation 
of H. oryzae to plants grown in soil without fly ash caused 22.2 and 17.5% 
reductions in total chlorophyll and carotenoid pigments respectively (Figs. 
IIB & C). Reductions in total chlorophyll and carotenoids caused by H. 
oryzae were increased to 25.5 and 20.0% respectively when plants were 
grown in 100% fly ash. 
Greater chlorophyll a and b, total chlorophyll and carotenoid 
contents were found in Pant-4 without H. oryzae when grown in 40% fly 
ash amended soil (Table-12). However, least chlorophyll a and b, total 
chlorophyll and carotenoid contents were obtained in Pusa Basmati when 
grown in 100% fly ash inoculated with H. oryzae (Table-12). 
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Fig 11 A - Effect ofH.on'zae on carotenoid contents of rice. 
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Fig 11 C - Effects of H.oryzae and fly ash on carotenoid 
contents of rice. 
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Prote in and lys ine contents 
Protein (soluble, insoluble and total) and lysine contents were 
higher in Pant-4 followed by Pant-10 and Pusa Basmati (Table-13). 
Inoculation of H. oryzae caused significant reductions in protein and 
lysine contents over uninoculated control. Application of 20 and 40% fly 
ash with soil caused significant increases in protein and lysine contents, 
maximum being in plants grown in 40% fly ash amended soil. Sixty, 80 
and 100% fly ash caused reductions in protein and lysine contents but 
reductions were greater in plants grown with 100% fly ash (Table-13). 
Inoculation of H. oryzae caused reductions in protein and lysine 
contents in all the three cultivars. Pant-4 suffered 24.3 and 28.6% 
reductions in total protein and lysine contents due to inoculation of H. 
oryzae (Figs. 12A & B). These reductions m Pant-10 were 25.9 and 28.2% 
while Pusa Basmati suffered 29.5 and 34.2% reductions in total protein 
and lysine contents by H. oryzae. Protein and lysine contents were greater 
in Pant-4 grown in 40% fly ash amended soil and least in Pusa Basmati 
grown in 100% fly ash. Inoculation of H. oryzae caused 21.8 and 25.6% 
reductions in total protein and lysine contents when plants were grown in 
soil without fly ash (Figs. 12C & D). These reductions were increased to 
30.2 and 38.2% in plants grown with 100% fly ash. 
Greatest protein and lysine contents were noticed in Pant-4 
grown in 40% fly ash amended soil without H. oryzae. However, least 
protein and lysine contents were observed in Pusa Basmati grown in 100% 
fly ash inoculated with H. oryzae (Table-13). 
Table 13. Effects of fly ash and H. oryzae on the protein and lysine content of the 
grains of three cuttivars of rice. 
Cultivars/Treatments Soluble 
Protein 
(%) 
Insoluble 
Protein (%) 
Total 
Protein 
(%) 
Lysine 
(%) 
A. Single factor 
Pant-4 4.3a 5.8a 10.1a 3.6a 
PanMO 3.9b 5.5b 9.4b 3.3b 
Pusa Basmati 3.7c 5.2c 8.9c 3.1c 
C.D, P=0.05 0.1 0.1 0.1 0.1 
Uninoculated 4.7a 6.2a 10.9a 3.9a 
H. oryzae 3.2b 4.8b 8,0b 2.8b 
C D. P = 0.05 0.1 0.1 0.2 0.1 
0% fly ash 4.2c 5.6c 9.8c 3.4c 
20% fly ash 4.5b 6.0b 10.5b 3.7b 
40% fly ash 5.1a 6.7a 11.8a 4.0a 
60% fly ash 3.8d 5.3d 9.2d 3.3d 
80% fly ash 3.4e 4.9e 8.3e 3.1e 
100% fly ash 2.8f 4.4f 7.3f 2.7f 
C.D. P = 0.05 0.08 0.09 0. 1 0.08 
B. Two factors 
Uninoculated 5.0a 6.4a 11.5a 4.2a 
Pant-4 
H. oryzae 3.6c 5.1c 8.7c 3.0c 
Uninoculated 4.6b 6.2ab 10.8b 3.9b 
Pant-10 
H. oryzae 3.Id 4.8d 8.0d 2.8c 
Uninoculated 4.5b 6.0b 10.5b 3.8b 
Pusa Basmati 
H. oryzae 2.9d 4.5e 7.4c 2.5d 
C D. P = 0.05 0.2 0.2 0.4 0.2 
Contd..., 
0% fly ash 4.5d 5.8f 10.3de 3.6c 
20% fly ash 4.9bc 6.2d 11.1c 3.9b 
Pant-4 40% fly ash 5.5a 7.0a 12.5a 4.2a 
60% fly ash 4.2e 5.6g 9.8f 3.5d 
80% fly ash 3.7g 5.3h 9.0h 3.3ef 
100% fly ash 3.2hi 4.8jk 8.0k 3.0hi 
0% fly ash 4.1e 5.6g 9.8f 3.4de 
20% fly ash 4,4d 6.0e 10.5d 3.7c 
Pant-10 40% fly ash 5.0b 6.7b 11.7b 4.0b 
60% fly ash 3.7g 5.3h 9.1h 3.3ef 
80% fly ash 3,3h 4.9ij 8.3j 3.0hi 
100% fly ash 2.7j 4.41 7.21 2.7j 
0% fly ash 3,9f 5.5g 9.4g 3.2fg 
20% fly ash 4.2e 5.8f lO.le 3.4de 
Pusa Basmati 40% fly ash 4.8c 6.4c 11.2c 3.7c 
60% fly ash 3.6g 5.0i 8.7i 3.1gh 
80% fly ash 3.1i 4.7k 7.8k 2.9i 
100% fly ash 2.6j 4.1m 6.7m 2.6j 
C.D. P=0:05 0.1 0.1 0.2 0.1 
0% fly ash 4.8c 6.2c 11.0c 3.9c 
20% fly ash 5.3b 6.8b 12.1b 4.3b 
Uninoculated 40% fly ash 6.2a 7.7a 13.9a 4.7a 
60% fly ash 4.4d 5.9d 10.3d 3.8cd 
80% fly ash 4.0e 5.5e 9.6e 3.6de 
100% fly ash 3.5gh 5.If 8.6f 3.4ef 
0% fly ash 3.5gh 5.0fg 8.6f 2.9hi 
H.oryzae 
20% fly ash 3.7fg 5.2f 8.9f 3.1gh 
40% fly ash 3.9ef 5.7de 9.6e 3.3fg 
i 60% fly ash 3.3h 4.8g 8.1g 2.7ij 
80% fly ash 2.7i 4.4h 7.1h 2.5j 
100% fly ash 2.2j 3.81 6.0i 2.1k 
C.D.P=0.05 0.2 0.2 0.3 0.2 
Contd. 
C. Three factors 
0% fly ash 5.1de 6.3de 11.4ef 4.1de 
20% fly ash 5.7c 6.9c 12.6c 4.5bc 
40% fly ash 6.6a 8.0a 14.6a 4.9a 
Uninociilated 60% fly ash 4.7fg 6.2ef 10.9fg 4.1de 
80% fly ash 4.4glii 5.8fghi 10.21iij 3.9ef 
Pant-4 
100% fly ash 3.9klm 5.4ijkl 9.3klmn 3.7efgh 
0% fly ash 3.9klm 5.3jklm 9.2hnno 3.2ij 
20% fly ash 4.1ijk 5.51iijk 9.6jkl 3.41ii 
40% fly ash 4.4glii 6.0efg 10.4ghi 3.6fgh 
H. oryzae 60% fly ash 3.71mno 5.1klmn 8.8nopqr 3.0jk 
80% fly ash B.Irs 4,8nop 7.9tu 2.7klm 
100% fly ash 2.5u 4.3q 6.8w 2.3 nop 
0% fly ash 4.8ef 6,2ef ll.Ofg 3,9ef 
20% fly asii 5.3d 6.8c 12.led 4.3cd 
Uninociilated 40% fly ash 6.1b 7.8ab 13.9b 4,7ab 
60% fly ash 4.3hii 5.9efgh 10.2hij 3.8efg 
80% fly ash 4.0jkl 5.5hijk 9.5klm 3.6fgh 
Pant-10 
100% fly ash 3.4opqr 5.1klmn 8.5pqrst 3.41u 
0% fly ash 3.5nopq 5.1klmn 8,6opqrst 3.0jk 
20% fly ash 3.6ninop 5.3jklm 8.9mnopqr 3.2ij 
H. oryzae 40% fly ash 
60% fly ash 
3.9klin 
3.2qrs 
5.7gluj 
4.8nop 
9.6jkl 
S.Ostu 
3.41u 
2.8kl 
80% fly ash 2.7tu 4.4pq 7.1VW 2.51nin 
100% fly ash 2.1VW 3.8r 5.9.\y 2. lop 
0% fly ash 4.6fgh 6.2ef 10.8gh 3.8efg 
20% fly ash 5.1de 6.7cd 11.8de 4.1de 
Uninoculated 40% fly ash 6.0bc 7.4b 13.4b 4.5bc 
60% fly ash 4.31iij 5.6gliij 9.9ijk 3.7efgh 
80% fly ash 3.8klmn 5,3jklm 9.1hnnop 3.5ghi 
Pusa Basmati 
100% fly ash 3.2qrs 4.9mno 8.1stu 3.2ii 
0% fly ash 3.3pqrs 4.8nop 8.1stu 2.7klm 
20% fly ash 3.4opqr 5.0hnn 8.4qrst 2.8kl 
H.oryzae 
40% fly ash 3.6ninop 5.4ijkl 9.01mnopq 3.0jk 
60% fly ash 3.0st 4.5opq 7.5uv 2.51mn 
80% fly ash 2.4uv 4.]qr 6.5xw 2.4mno 
100% fly ash 2.0w 3.3s 5.3y 2.0p 
C.D. P=0.05 0,3 1 0.4 1 0.6 0.3 
* Different letters within columns and within one C.D. range represent values that are 
significant at P = 0.05 
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Fig 12 D - Effects of H.oiyzae and fly ash on lysine contents of rice. 
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E x p e r i m e n t 4 - Effects of foliar dusting of fly ash and Helminthosporium 
oryzae on the growth, yield, photosynthetic pigments, protein and lysine 
contents of three cultivars of rice. 
Plant growth 
Plant growth (shoot length, shoot fresh and diy weight, root 
length, root fresh and dry weight) was greater in Pusa Basmati than 
Pant-lb (Table-14). Inoculation o f / / , oryzae caused a significant reduction 
in plant growth over uninoculated control. Dusting of 2.5 and 5.0g fly ash 
day'plant"' caused a significant increase in plant growth, maxiiiium being 
at 5.0 fly ash dusting., However, 7.5 g dusting day 'planf ' resulted in a 
significant reduction in plant growth over without fly ash dusted plant 
(Table-14). 
Inoculation of H. oryzae caused a significant reduction in plant 
growth of all the three cultivars over their respective uninoculated controls 
(Table 14). Pant-10 suffered maximum reduction (17.7%) in shoot dry 
weight by H. oryzae followed by Pusa Basmati (11.6%) and Pant-4 
(11.4%) (Fig. 13A). Dusting of 5.0g fly ash was better for the'growth of 
all the three cultivars followed by 2.5 g fly ash dusting. Inoculation of H. 
oryzae 13.4% reduction in shoot dry weight without fly ash dusting 
(Fig. 13B). These reductions were increased to 14.6 and 16.8% in 2.5 and 
5.0g fly ash dusted plants respectively. However, the reduction was 
decreased to 8.7% in 7.5 g fly ash dusted plants. 
Pusa Basmati showed best growth when dusted with 5.0g fly ash 
without H. oryzae followed by Pant-4 dusted with same amount of fly ash 
(Table-14). However, least growth was observed in Pant-10 when 
Table 14. Effects of foliar dusting of fly ash and H. oryzae on the growth of three 
cultivars of rice 
Cultivars/Treatments Shoot 
length 
(cm) 
Shoot 
fresh wt. 
(g) 
Shoot 
dry wt. 
(g) 
Root 
length 
(cm) 
Root 
fresh wt. 
(g) 
Root 
dry wt. 
(g) 
A. Single factor 
Pant-4 74.1b 29.65a 9.89a 21.80a 7.79a 2.59ab 
PanMO 69.8c 28.73b 9.33b 21.13b 7.55b 2.50b 
Pusa Basmati 74.9a 29.99a 9.99a 22.05a 7.87a 2.62a 
C.D. P-0.05 0.6 0.47 0.16 0.29 0.15 0.11 
Uninoculated 78.3a 31.33a 10.45a 23.03a 8.23a 2.74a 
H. oryzae 67.6b 27.59b 9.03b 20.28b 7.24b 2.41b 
C D. P=0.05 0.7 0.55 0.18 0.33 0,17 0.13 
0.0 g fly ash 71.5c 28.87c 9.54c 21.22c 7.58c- 2.52c 
2.5 g fly ash 73.6b 29.73b 9.84b 21.86b 7.81b 2.61b 
5.0 g fly ash 76.9a 31.04a 10.28a 22.82a 8.16a 2.73a 
7.5 g fly ash 69.9d 28.20d 9.31d 20.74d 7.38d 2.43d 
C.D. P=0.05 0.5 0.39 0.13 0.23 0.12 0.09 
B. Two factors 
Uninoculated 78.6a 31.45ab 10.49ab 23.12ab 8.26a 2.75a 
Pant-4 
H. oryzae 69.6c 27.85c 9.29c 20.48c 7.31bc 2.44c 
Uninoculated 76.7b 30.70b 10.24b 22.59b 8.07a 2.68ab 
Pant-10 
H. oryzae 62.9d 26.77d 8.42d 19.68d 7.03c' 2,33c 
Uninoculated 79.5a 31.84a 10.61a 23.40a 8.36a 2.79a 
Pusa Basmati 
H. oryzae 70.3c 28.15c 9.37c 20.69c 7.38b 2.46bc 
C.D. P==0.05 1.2 0.95 0.32 0.58 0. 30 0,23 
Contd.,,. 
0.0 g fly ash 72.6fg 29.04de 9.68def 21.35c 7.63de 2.54bcd 
Pant-4 
2.5 g fly ash 
5.0 g fly ash 
74.7d 
78.0b 
29.92bc 
31.25a 
9.98bc 
10.43a 
22.00b 
22.98a 
7.87bc 
8.22a 
2.63abc 
2.76a 
7.5 g fly ash 71.0h 28.40ef 9.46fg 20.87d 7.44e 2.45de 
0.0 g fly ash 68.6i 28.24f 9.16h 20.77d 7.42e 2.46de 
Pamt-10 
2.5 g fly ash 
5.0 g fly ash 
70.4h 
73.6e 
28.99de 
30.25b 
9.42g 
9.82cd 
21.32c 
22.25b 
7.62de 
7.95b 
2.54bcd 
2.66ab 
7.5 g fly ash 66.7j 27.46g 8.88i 20.21e 7.20f 2.36e 
0.0 g fly ash 73.3ef 29.33cd 9.76cde 21.55c 7.70cd 2.56bcd 
Pusa Basmati 
2.5 g fly ash 
5.0 g fly ash 
75.6c 
79.0a 
30.28b 
31.64a 
10.09b 
10.54a 
22.25b 
23.25a 
7.95b 
8.32a 
2.67ab 
2.78a 
7.5 g fly ash 71.9g 28.74def 9.57efg 21.14cd 7.52de 2.49cde 
C.D.P=0.05 0.8 0.67 0.23 0.41 0.21 0.16 
0.0 g fly ash 76.7c 30.69c 10.22c 22.56c 8.06c 2.67bc 
Uninoculated 
2.5 g f ly ash 
5.0 g fly ash 
79.4b 
84.0a 
31.78b 
33.61a 
10.61b 
11.22a 
23.37b 
24.72a 
8.36b 
8.84a 
2.79ab 
2.96a 
7.5 g fly ash 73.Id 29.22d 9.73d 21.49d 7.66d 2.53cd 
0.0 g fly ash 66.3g 27.04e 8.85f 19.88f 7.1 Of 2.36de 
H. oryzae 
2.5 g f ly ash 
5.0 g f ly ash 
67.8f 
69.8e 
27.68ef 
28.48de 
9.06f 
9.33e 
20.35f 
20.93e 
7.27ef 
7.49de 
2.43de 
2.51cde 
7.5 g fly ash 66.7fg 27.17e 8.88f 19.98f 7.11f 2.33e 
C.D. P==0.05 1.0 0.78 0.26 0.47 0.24 0.19 
Contd.... 
C. Three factors 
hifected 
leaf area 
(%) 
O.Og fly ash 77.0de 30.80def 10.27de 22.65def 8.09def 2.69abcdefg -
Uninociilated 
2.5g fl\- ash 
5.0g ily ash 
79.7c 
84.3a 
31.91bcd 
33.75a 
10.65bcd 
11.28a 
23.46cd 
24.82ab 
8.40cd 
8.88b 
2.81abcd 
2.99a 
-
Pant-4 
7.5g tly ash 73.4gh 29.34ghi 9.77fgh 21.56ghi 7.69fghi 2.54cdefghi -
O.Og fly ash 68.2m 27.281 9.10kl 20.051mn 7.171mn 2.39fghi 14 
H. oryzae 
2.5g fly ash 
5.()g fly ash 
69.8klm 
71.8hij 
27.94jkl 
28.75hijk 
9.32hijk 
9.59fghi) 
20.55jklm 
21.14hij 
7.35ijkl 
7.56ghijk 
2.46efghi 
2.54cdefghi 
16 
18 
7.5g fly ash 68.7m 27.46kl 9.15jkl 20.181nm 7.191mn 2.37ghi 15 
O.Og fly ash 75.4ef 30.16efg 10.05def 22.18efg 7.93efg 2.62bcdefgh -
Uninociilated 
2.5g fly ash 
5.0g fl)' ash 
77.8d 
82.3b 
31. Mode 
32.92ab 
10.40cd 
10.99ab 
22.90de 
24.22bc 
8.19de 
8.66abc 
2.73abcde 
2.89ab 
-
Pant-10 
7.5g fl>- ash 71.5ijk 28.58hijkl 9.52ghijk 21.06hijk 7.50hijk 2.48defghi -
O.Og flv ash 61.80 24.32m 8.27m 19.36n 6.92n 2.3 Ihi 20 
H. oryzae 
2.5g fly ash 
5.0g fly ash 
63.10 
64.9n 
24.85m 
25.58m 
8.45m 
8.711m 
19.75nm 
20.28klm 
7.06mn 
7.25klnm 
2.36ghi 
2.44efghi 
21 
23 
7.5g fly ash 61.9o 24.34m 8.25m 19.36n 6.90n 2.24i 20 
O.Og fl)- ash 77.8d 31.13cde 10.36cd 22.86dc 8.18de 2.72abcdef -
Uniiioculaled 
2.5g fly ash 
5.0g fly ash 
80.7b 
85.4a 
32.30bc 
34.18a 
10.78bc 
11.39a 
23.75c 
25.13a 
8.49bcd 
8.99a, 
2.85abc 
3.01a 
-
Pusa Basmati 
7.5g fly ash 74.4fg 29.75fgh 9.9lefg 21.87fgh 7.80efgh 2.59bcdefgh -
O.Og fly ash 68.8m 27.53kl 9.17jkl 20.24klm 7.22hmi 2.40efghi 18 
H. oiyzae 
2.5g fly ash 
5.0g fly ash 
70.6jkl 
72.7ghi 
2 8 . 2 6 P 
29.11ghij 
9.41hijk 
9.69fghi 
20.76ijkl 
21.38ghi 
7.42hijkl 
7.66ghij 
2.49defghi 
2.56bcdefghi 
19 
21 
7.5g fly ash 69.41m 27.73kl 9.23ijk 20.41jklm 7.25klmn 2.40efghi 19 
C.D. P = 0.05 1.7 1.35 0.46 0.82 0.42 0.33 -
* Different letters witliin columns and witliin one C D. range represents values that are significant at 
P=0.05. 
Pant-4 Pant-10 
Cultivars 
Fig. 13 A - Effect of H.oryzae on shoot dry weight of rice. 
-16.8% 
Pusa Basmati 
• Control 
'M H.oryzae 
O.Og 2.5g 
Fly ash concentrations 
Fig. 13 B - Effects oiH.oryzae and foliar dusting of fly ash on shoot dry 
weight of rice. 
-34.5% 
• Control 
M H.oryzae 
Pant-4 Pant-10 Pusa Basmati 
Cultivars 
Fig 13 C - Effect of H.oryzae on the no. of grains / plant of 
rice. 
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inoculated with H. oryzae and dusted with 7.5 g fly ash or without fly ash 
dusting. Plant infected with H. oryzae showed characteristic brown leaf 
spot. Pant-10 exhibited greater infected leaf area caused by H. oryzae 
followed by Pusa Basmati and Pant-4. Per cent infected leaf area in all the 
three cultivars were found to be increased when plants were dusted with 
2.5 and 5.0g fly ash day^plantHowever, dusting of plants with 7.5g fly 
ash caused reduction in the infected leaf area than plants dusted with 5.0g 
fly ash (Table-14). 
Yield 
Yield (no. of panicles/plant, no. of grains/panicle, no. of grains/ 
plant and weight of 1000 grains) were higher in Pant-4 followed by Pant-
10 and Pusa Basmati (Table 15). Inoculation of H. oryzae caused a 
significant reduction in yield over uninoculated plants. Dusting of 2.5 and 
5.0 g fly ash day'planf^ caused a significant increase in yield over 
undusted plants. However, dusting of 7.5 g fly ash caused a significant 
reduction in yield over without fly ash dusted plants except in grain weight 
(Table-15). 
Inoculation of H. oryzae caused significant reduction in yield of 
all three cultivars over their respective uninoculated controls (Table-!5). 
Inoculation of H. oryzae caused 27.6, 33.1 and 34.5% reductions in no. of 
grains/plant of Pant-4, Pant-10 and Pusa Basmati respectively (Fig. 13C). 
Dusting of 5.0 g fly ash caused greater increase in all the three cultivars 
than undusted ones. Inoculation of H. oryzae caused 30.4% reduction in 
yield of plants without fly ash dusting (Fig. 14A). The reductions caused 
by H. oryzae were increased to 31.9 and 33.5% when plants were dusted 
Table 15. Effects of foliar dusting of fly ash and H. oryzae on the yield of three 
cultivars of rice. 
Cultivars/Treatments No. of 
panicles 
per plant 
No. of 
grains per 
panicle 
No. of 
grains 
per plant 
Weight of 
1000 grains 
(g) 
A. Single factor 
Pant-4 12.5a 34.9a 438a 30.6a 
Pant-10 10.9c 32.9b 393b 24.8b 
Pusa Basmati 11.4b 31.3c 362c 23.9c 
C.D. P=0.05 0.2 0.3 14 0.3 
Uninoculated 12.7a 37.0a 472a 28.9a 
H. oryzae 10.4b 29.0b 323b ,24.0b 
C.D. P = 0.05 0.2 0.4 16 0.3 
O.Og fly ash 11.5b 32.3c 387c 26.3b 
2.5gfly ash 11.8a 33.4b 408b 26.5ab 
5.0g fly ash 11.9a 35.4a 438a 26.7a 
7.5g fly ash 11.1c 31.0d 358d 26.3b 
C.D. P = 0,05 0.1 0.3 11 0.2 
B. Two factors 
Uninoculated 13.1a 38.5a 507a 32.1a 
Pant-4 
H. oryzae 11.7c 31.2d 367d 29.1b 
Uninoculated 12.7ab 37.0b 471b .29.2b 
Pant-10 
H. oryzae 9.0e 28.6e 315e 20.5e 
Uninoculated 12.3b 35.5c 437c 25.4c 
Pusa Basmati 
H. oryzae 10.5d 27.1f 286f 22.3d 
C.D. P = 0.05 0.4 0.7 27 0.6 
Contd.... 
O.Og fly ash 12.3b 33.7c 417cd 30.4b 
2.5g fly ash 12.7a 35.1b 448b 30.6ab 
Pant-4 
5.0g fly ash 12.9a 37.7a 489a 30.9a 
7.5g fly ash 11.9c 33.Id 396e 30.4b 
O.Og fly ash 10.8f 32.2e 383ef 24.7c 
2.5g fly ash ll.Oef 33.2cd 402de 24.9c 
Pant-10 
5.0g fly ash 11.2e 35.2b 433bc 25.1c 
7.5g fly ash 10.4g 30.8f 354g 24.7c 
O.Og fly ash 11.5d 31.Of 360g 23.8d 
Pusa Basmati 2.5g fly ash 11.6d 31.8e 373fg 23.9d 
5.0g fly ash 11.6d 33.4cd 392ef 24.1d 
7.5g fly ash ll.Oef 29. Ig 322h 23.7d 
C D. P=0.05 0.2 0.5 19 0.4 
O.Og fly ash 12.7b 36.0c 456c 28.8ab 
2.5gfly ash 13.0ab 37.3b 485b 29.0ab 
Uninoculated 5.0g fly ash 13.1a 40.3a 527a 29.3a 
7.5g fly ash 12.1c 34.5d 420d 28.6b 
O.Og fly ash 10.4de 28.6g 317fg 23.9c 
H. oiyzae 
2.5g fly ash 10.5d 29.4f 330f 24.0c 
5.0g fly ash 10.7d 30.6e 350e 24.2c 
7.5g fly ash lO.le 27.5h 295g 24.0c 
C D. P=0.05 0.3 0.6 22 0.5 
Contd, 
C. Three factors 
O.Og fly ash 13.0bc 37.0ef 48 led 31.9a 
2.5g fly ash 13.4ab 38,6c 517bc 32.2a 
Uninoculated 5.0g fly ash 13.6a 42.0a 571a 32,5a 
1 Pant-4 
7.5g fly ash 12.6cd 36.6ef 461de 31,8a 
O.Og fly ash 11.6fg 30.41 353ij 29,0b 
2.5g fly ash 12.0ef 31,6k 379hi 29,1b 
H. oryzae 5.0g fly ash 12.2de 33.4ij 407gh 29,3b 
7.5g fly ash 11.2g 29,61ni 332jkl 29.1b 
O.Og fly ash 12.6cd 36.0fg 454def 29.1b 
Uninoculated 2.5g fly ash 13.0bc 37.4de 486bcd 29.3b 
5.0g fly ash 13.0bc 40.4b 525b 29.6b 
Pant-10 
7.5g fly ash 12.2de 34.4hi 420fg 28.9b 
O.Og fly ash 9.0ij 28.4no 312klm 20.4e 
H. oryzae 
2.5g fly ash 9.0ij 29.0mn 319jklm 20.5e 
5.0g fly ash 9.4i 30.01m 342ijk 20.7e 
7.5g fly ash 8.6j 27.2p 288mn 20.5e 
O.Og fly ash 12.4de 35.0gh 434efg 25.3c 
Uninoculated 
2.5g fly ash 12.6cd 36.0gf 453def 25.5c 
5.0g fly ash 12.6cd 38.4cd 484cd 25.7c 
Pusa Basmati 
7.5g fly ash 11.6fg 32.6jk 378hi 25.1c 
O.Og fly ash 10.6h 27.0p 286mn 22.3d 
H. oryzae 
2.5gfly ash 10.6h 27.6op 2931mn 22.4d 
5.0g fly ash 10.6h 28.4no 3011mn 22.5d 
7.5g fly ash I0.4h 25.6q 266n 22.3d 
C D. P=0.05 0.5 1.1 39 0.8 
* Different letters within columns and within one C.D. range represents values that are 
significant at P=0.05. 
O.Og 7.5g 2.5g 5.0g 
Fly ash concentrations 
Fig 14 A - Effects oiH.oiyzae and foliar dusting of fly ash on the no. of grains / 
plant of rice. 
Pant-4 
-25.2% 
-25.3% 
Pusa Basmati Pant-10 
Cultivars 
Fig. 14 B - Effect oiH.oiyzae on total chlorophyll contents of rice. 
• Control 
MH.oiyzae 
0.0045 
0.004 -
0.0035 -
» 0.003 -
^ 0.0025 
I 0.002 
h-19.0% -17.0% 
-17.9% • Control 
WH.orx'zae 
Pant-4 Pant-10 Pusa Basmati 
Culti\ars 
Fig. 14 C - Effect oiH.oiyzae on carotenoid contents of rice. 
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with 2.5 and 5.0g fly ash respectively. However, reduction in yield caused 
by H. oryzae was reduced to 29.7% in 7.5 g fly ash dusted plants (Table-
15). 
Pant-4 showed best yield in plants dusted with 5.0g fly ash 
without H. oryzae followed by Pant-10 dusted with the same amount of 
fly ash. However, least yield was noticed in Pusa Basmati when inoculated 
with H. oryzae and dusted with 7.5g fly ash (Table-15). 
Photosynthetic pigments 
Photosynthetic pigments (chlorophyll a and b, total chlorophyll 
and carotenoid) were greater in Pant-4 followed by Pant-10 and Pusa 
Basmati except chlorophyll a (Table-16). Inoculation of H. oryzae caused 
a significant reduction in photosynthetic pigments over uninoculated 
control. Dusting of 2.5 and 5.0g fly ash caused significant increases in 
photosynthetic pigments over undusted plants except in carotenoid. 
Dusting of 5.0 g fly ash caused greater increase in total chlorophyll than 
plants dusted with 2.5g fly ash. However, dusting of 7.5 g fly ash caused 
significant decrease in total chlorophyll over plants without fly ash dusting 
(Table-16). 
Inoculation of H. oryzae caused significant reductions in 
photosynthetic pigments of all the three cultivars over their respective 
uninoculated controls (Table-16). Inoculation oiH. oryzae caused 23.8 and 
19.0% reductions in total chlorophyll and carotenoid in Pant-4 (Figs. 14B 
& C). These reductions in Pant-10 were 25.2 and 17.0% respectively. 
However, reduction in total chlorophyll and carotenoid pigments of Pusa 
Basmati were 25.3 and 17.9% respectively. Greater photosynthetic 
Table 16. Effects of foliar dusting of fly ash and H. oryzae on the photosynthet ic 
p igments of three cult ivars of rice. 
Cultivars/Treatments Chlorophyll 
a (mg/g) 
Chlorophyll 
b (mg/g) 
Total 
Chlorophyll 
(mg/g) 
Carotenoid 
(mg/g) 
A. Single factor 
Pant-4 0.766a 0.573a 1.339a 0.0038a 
Pant-10 0.753a 0.557b 1.310b 0.0037ab 
Pusa Basmati 0,711b 0.521c 1.233c 0.0036b 
C.D. P=0 ,05 0.014 0.011 0.018 0.0001 
Uninoculated 0.806a 0.671a 1,477a 0.0041a 
H. oryzae 0.680b 0.430b 1.111b .0.0033b 
C.D. P = 0.05 0.016 0.013 0,020 0.0001 
O.Og fly ash 0.736b 0.545b 1,283c 0.003 7ab 
2.5g fly ash 0.751a 0.558a 1,309b 0.0037ab 
5.0g fly ash 0.760a 0.564a 1.324a 0.0038a 
7.5g fly ash 0.725b 0.536b 1.261d 0.0036b 
C.D. P = 0.05 0.011 0.009 0.014 0,0001 
B. Two factors 
Uninoculated 0.827a 0.693a 1.521a 0,0042a 
Pant-4 
H. oryzae 0.704c 0.454c 1.158c 0,0034c 
Uninoculated 0.819a 0.680a 1.500a .0,004 lab 
Pant-10 
H. oryzae 0.686c 0.435c 1,121c 0,0034c 
Uninoculated 0.772b 0.639b 1.411b 0,0039b 
Pusa Basmati 
H. oryzae 0.651d 0.402d 1.054d 0,0032c 
C D. P = 0.05 0.028 0.023 0.036 0,0002 
Contd. . . . 
O.Og fly ash 0.758bcd 0.566bcd 1.324cde 0,003 Sab 
2.5g fly ash 0.774ab 0.579ab 1.353ab 0.003 Sab 
Panl-4 
5.0g fly ash 0.786a 0.588a 1.374a 0.0039a 
7.5g fly ash 0,745def 0.561cd 1.307de 0.0037abc 
O.Og fly ash 0.748cde O.SSlde 1.300ef 0.0037abc 
2.5g fly ash 0.759bcd O.S67bcd 1.326cd 0.0038ab 
Pant-10 
5.0g fly ash 0.768abc 0.571bc 1.339bc 0.003Sab 
7.5g fly ash 0.736efg 0.542ef 1.278fg 0.0037abc 
O.Og fly ash 0.703hi O.SlSgh 1.224ij 0.0036bc 
Pusa 2,5gfly ash 0.720gh 0.528fg 1.248hi 0.0036bc 
Basmati 5.0g fly ash 0.727fg 0.S32fg 1.260gh 0.0036bc 
7.5g fly ash 0.695i O.SOSh 1.200j 0.003SC 
C D. P=0.05 0.020 0.16 0.02S 0.0002 
O.Og fly ash 0.799bc 0,66Ib I.461b 0,0040a 
1 
2.5g fly ash 0.81 Sab 0.681a 1.497a 0.0041a 
Uninoculated S .Og fly ash 0.829a 0.688a l.S17a 0,0041a 
7.5g fly ash 0.781c 0.6S3b 1.43Sb 0,0040a 
O.Og fly ash 0.673d 0.429cd 1.104cd 0,0033b 
H. oryzae 
2.5g fly ash 0.687d 0.434cd l . ]21c 0,0034b 
S.Og fly ash 0.692d 0.439c 1.131c 0.0034b 
7.5g fly ash 0.669d 0.419d 1.088d 0.0033b 
C.D. P=0.05 0.023 0.019 0.029 0.0002 
Contd... 
C. Three factors 
O.Og fly ash 0.818abcd 0.682abc 1.500bcd 0.0042a 
Uninoculated 
2.5g fly ash 
5 .0g fly ash 
0.838ab 
0.855a 
0.70 lab 
0.713a 
1.539ab 
1.568a 
0.0042a 
0.0043a 
Pant-4 
7.5g fly ash O.SOObcde 0.678bc 1.478cde 0.0041a 
O.Og fly ash 0.699hij 0.450fg 1.149hi 0.0034c 
H. oryzae 
2.5g fly ash 
5,0g fly ash 
0.710ghi 
0.717gh 
0.458f 
0.464f 
1.168h 
1.181h 
0.0035bc 
0.0035bc 
7.5g fly ash 0.691hijk 0.445fg 1.136hi 0.0034c 
O.Og fly ash 0.816abcd 0.669bc 1.485cd 0.0041a 
2.5g fly ash 0.825abc 0.695ab 1.520abc 0.0042a 
Uninoculated 5.0g fly ash 0.840ab 0.698ab 1.53Sab 0.0042a 
7.5g fly ash 0.797cde 0.661cd 1.458de 0.0041a 
Pant-10 O.Og fly ash 0.681hijkl 0.434fghi l . l lS i j 0.0034c 
2.5g fly ash 0.693hijk 0.439fgh 1.132hi 0.0034c 
H. oryzae 5.0g fly ash 0.697hijk 0.444fg l . H l h i 0.0035bc 
7.5g fly ash 0.675ijkl 0.423ghi 1.098ijk 0.0033c 
O.Og fly ash 0.765ef 0.634de 1.399fg 0.0039ab 
Uninoculated 
2.5g fly ash 
5.0g fly ash 
0.783def 
0.792cde 
0.649cde 
0.655cd 
1.432ef 
1.477de 
0.0040a 
0.0040a 
Pusa Basmati 
7.5g fly ash 0.748fg 0.62]e 1.369g 0.0039ab 
O.Og fly ash 0.6411 0.403ij 1.050kl 0.0033c 
H. oryzae 
2.5g fly ash 
5.0g fly ash 
0.658kl 
0.663jkl 
0.407hij 
0.410hij 
1.065jkl 
1.073jkl 
0.0033c 
0.0033c 
7.5g fly ash 0.6421 0.389j 1.0311 0.0032c 
C.D. P=0.05 0.040 0.033 0.051 0.0004 
* Different letters within columns and within one C D. range represents values that are 
significant at P=0.05. 
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pigments were found in Pant-4 when dusted with 5.0g fly ash and least in 
Pusa Basmati when dusted with 7.5g fly ash or without fly ash dusting. 
Inoculation of H. oryzae caused significant reduction in photosynthetic 
pigments both with or without fly ash dusting. Inoculation of H. oryzae 
caused 24.4% reduction in total chlorophyll pigments in plants without fly 
ash dusting (Fig. 15A). Reduction in total chlorophyll was increased to 
25.1% in plants dusted with 2.5g fly ash. However, reduction in total 
chlorophyll was 25.4 and 24.1% in plants dusted with 5.G and 7.5g fly ash 
respectively. 
Photosynthetic pigments were greater in Pant-4 when dusted with 
5.0g fly ash without H. oryzae. However, least photosynthetic pigments 
were found in Pusa Basmati when dusted with 7.5g fly ash inoculated with 
H. oryzae (Table-16). 
Protein and lysine contents 
Protein (soluble and total) and lysine contents were greater in 
Pant-4 followed by Pant-10 and Pusa Basmati (Table-17). Inoculation of 
H. oryzae caused a significant reduction in protein and lysine contents 
over uninoculated control. Dusting of 5.0g fly ash caused significant 
increase in protein whereas dusting of either 2.5 or 5.0 g fly ash caused 
significant increase in lysine contents over undusted plants. Moreover, 
dusting of 5.0g caused higher increase in lysine than plants dusted with 
2.5g fly ash. Dusting of 7.5g fly ash caused significant reduction in protein 
and lysine over plants without fly ash dusting except in insoluble protein 
(Table-17). 
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Fig. 15 B - Effect ofH.otyzae on total protein contents of rice. 
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Fig. 15 C - Effect oiH.otyzae on lysine contents of rice. 
Table 17. Effects of foliar dusting of fly ash and H. oryzae on the protein and 
lysine content of the grains of three eultivars of rice. 
Cultivars/Treatments Soluble 
Protein (%) 
Insoluble 
Protein 
(%) 
Total 
Protein (%) 
Lysine 
(%) 
A. Single factor 
Pant-4 4.6a 5.8a 10.3a 3.8a 
Pant-10 4.0b 5.7a 9.7b 3.5b 
Pusa Basmati 3.8c 5.4b 9.3c 3.3c 
C D. P - 0 . 0 5 0.1 0.1 0.1 0.1 
Uninoculated 4.6a 6.3a 11.0a 3.9a 
H. oryzae 3.6b 5.0b 8.6b 3.2b 
C.D. P = 0.05 0.1 0.1 0.1 0.1 
O.Og fly ash 4.1b 5.6bc 9.7b 3.5c 
2.5g fly ash 4.1b 5.7ab 9.8b 3.6b 
5.0g fly ash 4.2a 5,8a 10.1a 3.7a 
7.5g fly ash 4.0c 5.5c 9.5c 3.4d 
C.D. P = 0.05 0.09 0.1 0.1 0.09 
B. Two factors 
Uninoculated 4.9a 6.5a 11.4a 4.2a 
Pant-4 
1 
H. oryzae 4.0c 5.2c 9.2c 3.4c 
Uninoculated 4.6b 6.3ab 10.9b 3.8b 
Pant-10 
H. oryzae 3.5d 5.0c 8.5d 3.2c 
Uninoculated 4.4b 6.2b 10.7b 3.7b 
Pusa Basmati 
H. oryzae 3.3d 4.7d 8.0e 2.9d 
C D. P = 0.05 0.2 0.2 0.3 0.2 
Contd. 
O.Og fly ash 4.4bc 5.8bc 10.2bc 3.7bc 
2.5gfly ash 4.Sab 5.9ab 10.4ab 3.8b 
Pant-4 5.0g fly ash 4.6a 6.0a 10.6a 4.0a 
7.5g fly ash 4.3c 5.7cd 10.1c 3.7bc 
O.Og fly ash 4.0de 5.6de 9.6ef 3.5de 
2.5g fly ash 4.0de 5.7cd 9.8de 3.6cd 
Pant-10 5,0g fly ash 4.1d 5.9ab lO.Ocd 3.7bc 
7.5g fly ash 3.9e 5.5ef 9.5fg 3.4ef 
O.Og fly ash 3.9e 5.4fg 9.3g 3.3fg 
2.5g fly ash 3.9e 5.5ef 9.4fg 3.3fg 
Pusa Basmati 5.0g fly ash 4. Ode 5.6de 9.6ef 3.5de 
7.5g fly ash 3,7f 5.3g 9.0h 3.2g 
C D. P=0:05 0.1 0.1 0.2 0.1 
O.Og fly ash 4.6bc 6.2b 10.9bc 3.8b 
2.5g fly ash 4.7ab 6.4ab 11.lab 3.9b 
Uninoculated 5.0g fly ash 4.8a 6.5a 11.3a 4.1a 
7.5g fly ash 4.5c 6. 2b 10.7c 3.8b 
O.Og fly ash 3.6de 4.9cd 8.5ef 3.Id 
2.5g fly ash 3.6de 5.0cd 8.6de 3.2cd 
H. oryzae 5.0g fly ash 3.7d 5.1c 8.8d 3.3c 
7.5g fly ash 3.5e 4.8d 8.3f 3.Id 
C.D, P=0.05 0.1 0.2 0.2 0.1 
Contd. 
C. Three factors 
O.Og fly ash 4.9abc 6.4abcd 11.3bc 4.1abc 
Uninoculated 2.5g fly ash S.Oab 6.5abc 11.Sab 4.2ab 
5.0g fly ash 5.1a 6.7a 11.8a 4.4a 
Pant-4 
7.5g fly ash 4.8abcd 6.4abcd 11.2bcd 4.1abc 
O.Og fly ash 4.0fg 5.2efg 9.2ghi 3.4fghi 
H. oiyzae 2.5g fly ash 4.0fg 5.3ef 9.3gh 3.5efgh 
5.0g fly ash 4.1fg 5.4e 9.5g 3.6defg 
7.5g fly ash 3.9gh 5.1efgh 9.0hij 3.4fghi 
O.Og fly ash 4.6cde 6.2cd 10.8def 3.8cde 
2.5g fly ash 4.6cde 6.4abcd ll.Ocde 3.9bcd 
Uninoculated 5.0g fly ash 4.7bcd 6.6ab 11.3bc 4.1abc 
Pant-10 
7.5gfly ash 4.5de 6.2cd 10.7ef 3.7def 
O.Og fly ash 3.5ij S.Ofghi 8.5klm 3.2hij 
2.5g fly ash 3.5ij S.lefgh 8.6jkl 3.3ghi 
H. oryzae 5.0g fly ash 3.6hi 5.2efg 8.8ijk 3.4fghi 
7.5g fly ash 3.4ij 4.9ghi 8.31m 3.1ijk 
O.Og fly ash 4.5de 6.1d 10.6ef 3.7def 
2.5g fly ash 4.5de 6.3bcd lO.Sdef 3.8cde 
Uninoculated 5.0g fly ash 4.6cde 6.4abcd ll.Ocde 3.9bcd 
HD-2009 
7.5g fly ash 4.3ef 6.1d 10.4f 3.6defg 
O.Og fly ash 3.3ij 4.7ij 8.0n 2.9jk 
H. oryzae 2.5gfly ash 3.3ij 4.8hij S.lmn 2.9jk 
5.0g fly ash 3.4ij 4.8hij 8.21m 3.1ijk 
7.5g fly ash 3.2j 4.5j 7.7n 2.8k 
C D. P=0.05 0.3 0.3 0.4 0.3 
* Different letters within columns and within one C.D. range represents values that are 
significant at P=0.05. 
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Inoculation of H. oryzae caused significant reductions in protein 
and lysine in all the three cultivars over their respective uninoculated 
controls (Table-17). Inoculation of H. oryzae caused 19.2 and 19.0% 
reductions in total protein and lysine in Pant-4 (Figs. 15B & C). These 
reductions were 22.0 and 15.7% in Pant-10 while 25.2 and 21.6% in Pusa 
Basmati respectively. Greater protein and lysine contents were found in 
Pant-4,when dusted with 5.0g fly ash and least in Pusa Basmati at 7.5 g 
fly ash dusting. Inoculation of H. oryzae caused significant reduction in 
protein and lysine contents both with or without fly ash dusting (Figs. 
16A & B). Inoculation of H. oryzae caused 22.0 and 18.4% reductions in 
total protein and lysine in plants without fly ash dusting. Reduction in 
total protein was found to 22.5% at 2.5 g fly ash dusting while at 5.0 and 
7.5g fly ash dusting these reductions were 22.1 and 22.4% respectively. In 
lysine contents reduction caused by H. oryzae were 17.9, 19.5 and 18.4% 
with 2.5, 5.0 and 7.5% fly ash dusting. 
Protein and lysine were greater in Pant-4 when dusted with 5.0g 
fly ash without H. oryzae and least in Pusa Basmati dusted with 7.5g fly 
ash and inoculated with H. oryzae (Table-17). 
-22.5% -22.1% -22.4% 
O.Og 2.5g 5.0g 
Fly ash concentrations 
Fig. 16 A - Effects oiH.orzyae and foliar dusting of fly ash on total 
protein contents of rice. 
• Control 
MH.oryzae 
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Fig. 16 B - Effects oiH.oryzae and foliar dusting of fly 
ash on lysine contents of rice. 
• Control 
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DISCUSSION 
Fly ash may be considered as a material not very much different 
from clay because both are rich in oxides of aluminium, silicon, iron, 
calcium and magnesium. Fly ash has variable amount of trace elements 
and is comparable with the soil (Page et ai, 1983). Disposal of fly ash is 
a serious problem and its amendment with the soil may be useful in 
replenishing soils dwindling reserves and to maintain soil texture. 
Therefore, impact of fly ash on soil characteristics were analysed first. 
Analysis of 0-100% fly ash amendments to Aligarh soil (71% sand, 18% 
silt and 11% clay) gradually increases soil pH, water holding capacity, 
porosity, bicarbonate, carbonate, chloride, sulphate, phosphorus, 
potassium, calcium except nitrogen to an appreciable extent. Fly ash 
amendments with the soil were earlier reported to enhanced soil fertility 
by improving soil texture (Chang et al., 1989) soil pH (Moliner and Street, 
1982; Singh el al., 1994) and water holding capacity (Sharma et al., 1990). 
Although fly ash amendments in soil were reported useful for economical 
gains but within a limited proportion because large scale application 
renders soil loose and friable (Page et al., 1979). Therefore, the rate of fly 
ash amendment should be fixed because at higher fly ash amendment seme 
elements may cause toxicity in plants if accumulated beyond critical limits 
(Ferraiolo et a!., 1990). 
Results of fly ash amendment with soil clearly demonstrate the 
beneficial effect on plant growth and yield except large scale application 
of fly ash (Page et al., 1979). The growth of root and shoot of both the 
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crops exhibited linear increase upto 40% fly asli, decrease with further 
increase in its quantity. Similarly others (Singh, 1989; Pasha, 1990; Matte 
and Kene, 1995; Patil et ai, 1996; Sugawe et al., 1997; Sahu and 
Dwivedi, 1999) had made recommendations that use of fly ash enhanced 
soil fertility and crop production. Fly ash also corrects the nutrient balance 
in the soil (Hill and Lamb, 1980) and adjust pH (Martens and Beahm, 
1976). Fly ash used in the study possess rich quantity of some important 
nutrients (Table-1) and may serve as a good source of most required 
elements (Plank et al, 1975) except nitrogen. This favourable effect of fly 
ash could be gain upto a certain level which in my case is 40%, 25% 
(Saxena e! al., 1998), 50%) (Sahu and Dwivedi, 1999) and 60%. (Siddiqui, 
2001). 
All the wheat and rice cultivars obtained greater plant growth, 
yield, photosynthetic pigments, protein and lysine contents when grown in 
40%) fly ash amended soil. This may be due to the presence of some 
utilizable plant nutrients such as sulphate, P, K and Ca in fly ash. 
Phosphorus influences photosynthesis, nitrogen and carbohydrate 
metabolism and activation of amino acids for the synthesis of protein 
(Delvin and Witham, 2000). Amendment of fly ash upto 40%o also 
increased soil porosity from 43-53% and water holding capacity of soil 
from 39-55%). Both increased porosity and water holding capacity may be 
beneficial for increased plant growth and yield. Electrical conductivity is 
positively correlated with pH and reflects total concentration of soluble 
cations and anions (Elseewi et al, 1978). Value of electrical conductivity 
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in 40% fly ash were somewhat higher than the range suitable for the yield 
of cereal crops (Hodgson and Holliday, 1966), but probably increased P 
level available with amended fly ash provided a higher degree of 
resistance to plants against the toxicity of metals (Bradley et al., 1981) 
although toxic metals were not analysed in the present investigations. Both 
physical and chemical factors collectively were probably suitable for 
increased plant growth, yield, photosynthetic pigments, protein and lysine 
contents of both crops in 40% fly ash amended soil. 
Inoculation of A. triticina and H. oryzae caused significant 
reductions in growth, yield, photosynthetic pigments, protein and lysine 
contents of the wheat and rice cultivars respectively. Reduction in growth, 
yield and photosynthetic pigments may be due to formation of brown oval 
spots sometimes accompanied by yellow marginal zone around the spots 
giving a blighted appearance in wheat and brown dots to circular spots 
which were scattered over leaf surface in rice. Inoculation of A. triticina 
caused greater damage on HD-2009 than HD-2329 and Lok-1 of wheat 
while H. oryzae caused higher damage on Pant-10 than Pusa Basmati and 
Pant-4 of rice. These differences in damage may be due to varying degree 
of resistance of cultivars of wheat and rice to A. triticina and H. oryzae 
respectively. Inoculation of A. triticina and H. oryzae in 100% fly ash 
grown plants caused more reductions in plant growth, yield, 
photosynthetic pigments, protein and lysine contents than plants grown in 
soil without fly ash amended soil. Abnormal soil condition such as 
deficient in nitrogen predisposed plant to heavy infection of triticina 
and H. oryzae (Rangaswami, 1988). 
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The gradual decline in plant growth, yield, photosynthetic 
pigments, protein and lysine contents from 60-100% fly ash in soil was 
probably due to salinity caused by higher levels of sulphate, chloride, 
carbonate and bicarbonate in fly ash amended soil (Khan and Khan, 1996). 
Similarly, application of fly ash to higher levels caused severe deficiency 
of nitrogen in soil. Deficiency of nitrogen had adverse effect on plant 
growth, yield, photosynthetic pigments, protein and lysine because it is 
part of aminoacids, proteins and chlorophyll (Devlin and Witham, 2000). 
Dusting of fly ash upto 5.0g plant'day"' was beneficial for plant 
growth, yield, photosynthetic pigments, protein and lysine contents of all 
the cultivars of wheat and rice, above which it had an adverse effect on 
above parameters. Better growth, yield, photosynthetic pigments, protein 
and lysine contents may be due to presence of some utilizable plant 
nutrients such as sulphate, P, K and Ca in fly ash. Fly ash contains water 
soluble salts (Rohrman, 1971) and leaf surface are known to absorb 
nutrients from fly ash (Mishra and Shukla, 1986a). Moderate fly ash 
deposition also caused increased transpiration which may be due to 
increased temperature of fly ash dusted leaves and increased temperature 
ultimately may result in increased photosynthesis (Mishra and Shukla, 
1986a). Increase in photosynthetic pigments may be due to shading effect 
caused by the fly ash deposition (Oblisami et al, 1978) and absorption of 
nutrients by leaf surfaces. Foliar fly ash deposition also caused increased 
phosphorus absorption which may influence nitrogen metabolism and 
ultimately may affect photosynthetic pigments, protein and amino acid 
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contents. Similarly, increased availability of K may cause increased 
protein synthesis (Delvin and Witham, 2000). 
Reduction in growth, yield, photosynthetic pigments, protein and 
lysine contents at highest dusting rate (7.5 g plant 'day"^) in both crops 
may be due to salinity caused by excessive soluble salts on the leaf 
surfaces (Aitken and Bell, 1985). Plants heavily dusted with fly ash caused 
thick layer which reduced water vapour loss from leaves. Thick fly ash 
layer also interfere in light requirement for photosynthesis and thus caused 
reduced photosynthesis. Reduction in photosynthetic pigments at high 
dusting rate may be due to alkalinity caused by excessive soluble salts on 
the leaf surface. The reduction in photosynthetic pigments may also be 
due to increased foliar temperature which retard synthesis of 
photosynthetic pigments (Mark, 1963). 
Inoculation of A. triticina and H. oryzae with 5.0 g foliar dusting 
of fly ash caused higher damage to growth and yield than plants without 
fly ash dusting on wheat and rice respectively. This may be due to 
availability of nutrients in fly ash which may be useful for the growth of 
both A. triticina and H. oryzae. Higher dusting of fly ash caused reduction 
in infection caused by A. triticina on wheat and H. oryzae on rice. This 
may be due to alkalinity caused by excessive soluble salts which might 
have adverse affect on the growth of triticina and H. oryzae. Moreover, 
higher dusting resulted in the increased leaf temperature which may be 
unsuitable for the growth of both fungi. 
Conclusion 
7® 
CONCLUSIONS 
1. Amendment of 40% fly ash with soil increased porosity, water 
holding capacity, various minerals like phosphorus, potassium, 
calcium, sulphate, chloride, except nitrogen to a level suitable for 
plant growth and yield. 
2. Amendments upto 40% of fly ash with soil were beneficial for plant 
growth, yield and biochemical parameters (photosynthetic pigments, 
protein and lysine) for wheat and rice but addition of 60% fly ash or 
above had adverse effects on both the crops. 
3. Plants grown in 100% fly ash suffered higher reductions in growth, 
yield and biochemical parameters by A. triticina or H. oryzae than 
grown in pure soil or with 20 or 40% fly ash. 
4. Foliar dusting upto 5.0 g fly ash planf^day' in the absence of 
pathogen was beneficial for plant growth, yield and biochemical 
parameters on both the crops but 7.5 g dusting had an adverse effect 
on these parameters. 
5. Plants dusted with 2.5 or 5.0g fly ash suffered higher reductions in 
growth and yield by A. triticina or H. oryzae than plants with 
pathogen without fly ash dusting. However, disease symptoms and 
damage caused by A. triticina or H. oryzae was reduced in plants 
dusted with 7.5g fly ash. 
6. Wheat cultivar HD-2009 exhibited higher A. triticina infected leaf 
area (25%) and greater disease symptoms followed by HD-2329 
(20%) and Lok-1 (15%). 
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7. Wheat cultivar Lok-1 showed higher growth, yield and biochemical 
parameters followed by HD-2329 and HD-2009. 
8. Rice cultivar Pant-10 suffered higher reductions in growth and yield 
by H. oryzae and exhibited higher infected leaf area (20%) followed 
by Pusa Basmati (18%) and Pant-4 (14%). 
9. Rice cultivar Pusa Basmati showed best growth followed by Pant-4 
and Pant-10 but yield and biochemical parameters were higher in 
Pant-4 followed by Pant-10 and Pusa Basmati. 
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